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July 11, 2011 
 
Re:  Evaluation of the 2007 Hydrology and Water Quality Study Technical Report for the 


proposed 70‐Acre Redevelopment Project at Gillespie Field, El Cajon, California 
 
In  2009,  the  County  released  for  public  review  a Notice  of  Preparation  for  a  joint  Program 
Environmental  Impact Report/Environmental Assessment  (PEIR/EA)  for  the Redevelopment of 
the  70‐acre  Parcel  and  Land  Acquisition/Avigation  Easement  Project.  The  County  and  the 
Federal Aviation Administration  (FAA) were  the Lead Agencies  in  the preparation of  this  joint 
environmental document. In 2011, the County decided to no longer pursue a joint PEIR/EA, but 
instead pursue the PEIR and EA separately in accordance with CEQA and NEPA.  Moreover, only 
the redevelopment of the 70‐acre site  is being considered under CEQA and NEPA and not the 
acquisition of parcels  and/or  avigation  easements.   This  PEIR does not  analyze  the potential 
environmental effects of the parcels considered for acquisition and avigation easement. 
 
The  revised project description  and project  alternatives does not present new  conditions  or 
features that would substantively alter the analysis and findings of 2007 Hydrology and Water 
Quality Study prepared by PBS&J.  To this effect, the information and analysis contained herein 
are appropriate and valid for the consideration and discussion of environmental impacts in this 
PEIR. 
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INTRODUCTION


This study presents a drainage technical report for the County of San Diego (County) for the 
redevelopment of a 70-acre parcel (Project), previously El Cajon Speedway, adjacent to 
Gillespie Field in the City of El Cajon (see Figure 1, Regional Map). 


The Project is bound by Airport Drive to the north, Wing Avenue to the east, West Bradley 
Avenue and Floyd Smith Drive to the South, and Joe Crosson Drive to the west (see Figure 2, 
Location Map). The County proposes to allow for the change in land use from the existing non-
aviation condition to aviation use.   


To support the County of San Diego in planning for the proposed Project, this study assesses 
the affected environment, anticipated impacts on hydrologic resources and Federal Emergency 
Management Agency (FEMA) mapped floodplains.  Recommendations for design and treatment 
measures that will reduce impaired water quality are included within this study along with a 
discussion on the surface water quality and regulatory background mandated by the State of 
California, the Environmental Protection Agency (EPA) and the Federal Aviation Administration 
(FAA). 


The Project site consists of 70 acres which drain into Broadway Channel and eventually 
Forester Creek.  The site has no off-site contributing area and flows exit the Project through 
seven existing drainage pipes, including the culvert for Broadway Channel under Joe Crosson 
Drive. The impact of the proposed development for the 10- and 100-year storm events is 
examined for the project site considering a change in land use for the proposed project and 
three alternatives to the project described below. 


Proposed Project 


The proposed project consists of the redevelopment of a 70-acre parcel, previously the El Cajon 
Speedway, located to the north and west of the intersection of Bradley Avenue and Wing 
Avenue in the City of El Cajon from non-aviation use to aviation use (as shown in Figure 3).  
The last race at the Cajon Speedway was held on October 9, 2004.  This change in land use will 
allow for the installation of a taxiway, apron, and drainage improvements (approximately 15 
acres), and later aviation development by private developers (approximately 55 acres).  Future 
improvements to be completed by private developers may include: rectangular and T-hanger 
spaces, conventional hangar space, aircraft tie-downs, apron area, automobile parking, aircraft 
maintenance space, and aviation office and business space.  The entire parcel is expected to 
be developed, including the area presently being used as a mitigation site for San Diego 
ambrosia (Ambrosia pumila) that was set aside for prior development at the airport.  All plants 
from this area would be transplanted to a suitable receptor site in eastern San Diego County.  
Drainage ditches along the northern and eastern edges of the 70-acre parcel are part of the 
existing airport drainage system.  The northern ditch is expected to be replaced with a pipe, and 
paved over.  There are no plans for the eastern ditch at this time. 


The project also involves the acquisition of property from willing sellers to meet federal safety 
requirements.  FAA regulations indicate that the approach surface of the runways at Gillespie 
Field should be kept free of all obstructions.  Control of the runway protection zones at the ends 
of the runways is essential to ensure that unobstructed approach surfaces are maintained.  
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Land acquisition is proposed to meet federal safety standards for unobstructed approaches for 
runways 9L-27R and 17-35.  Where land acquisition is not necessary or infeasible, aviation 
easements to prevent obstructions in the flight surface and to allow for over flight would be 
acquired. 


Alternative A (Reduced Footprint Alternative) 


Alternative A (Reduced Footprint Alternative) consists of developing 66.9 acres (15 acres apron & 
taxiway and 51.9 acres aviation development) while preserving 3.1 acres (1.1 acres of San Diego 
ambrosia with 100-ft softscape buffer of 2 acres).  This alternative is shown in Figure 4.  Alternative 
A would include the installation of a taxiway, apron, and drainage improvements (approximately 15 
acres) and the same type of private development described in the Proposed Project.  The 
acquisition of land and aviation easements would remain unchanged from the Proposed Project. 


Alternative B (Further Reduced Project Alternative) 


Alternative B (Further Reduced Project Alternative) consists of developing 36.5 acres (15 acres 
apron, taxiway, and drainage improvements; and 21.5 acres aviation development); while 33.5 
acres would remain in existing uses (includes preserving the 1.1 acre ambrosia area).  This 
alternative is shown in Figure 5.  The acquisition of land and aviation easements would remain 
unchanged from the Proposed Project. 


No Project Alternative 


No further development would occur at Gillespie Field on the 70-acre parcel as the No Project 
Alternative.  


The proposed project would result in the development of the entire 70-acre parcel; however, 
Alternative A would avoid development of the 1.1 acre San Diego ambrosia and a 100-ft 
softscape buffer.  The avoidance of this area would have minimal impact to the hydrologic 
condition of the site.  Therefore, the hydrologic, floodplain and water quality analyses for the 
proposed project and Alternative A is similar and is part of the same analyses referred to as the 
proposed project.  Alternative B would result in the development of 36.5 acres.  This alternative 
requires a separate hydrologic and water quality analysis and is referred to as the further 
reduced footprint alternative.  The no project alternative would mimic the existing condition 
analyses and would not result in any changes to the hydrologic, floodplain, or water quality 
conditions. 







PR
O


JE
C


T
LO


C
A


TI
O


N
Pa


ci
fic


O
ce


anLa
 J


ol
la


! (52
§̈ ¦8


§̈ ¦80
5


§̈ ¦5


§̈ ¦8


! (78


M
is


si
on


B
ay


§̈ ¦15


Sa
n 


D
ie


go
H


yd
ro


lo
gi


c 
U


ni
t


Sa
n 


D
ie


goEs
co


nd
id


o


C
hu


la
Vi


st
a


Sa
nt


ee


La
 M


es
a


El
 C


aj
on


ba
d


En
ci


ni
ta


s


Sp
rin


g 
Va


lle
y


N
at


io
na


l C
ity


Po
w


ay


C
or


on
ad


oSa
n 


M
ar


co
s


So
la


na
 B


ea
ch


D
el


 M
ar


! (78


! (94


La
ke


 H
od


ge
s


Sw
ee


tw
at


er
 R


es
er


vo
ir


Sa
n 


Vi
nc


en
te


 R
es


er
vo


ir


El
 C


ap
ita


n 
R


es
er


vo
ir


B
at


iq
ui


to
s 


La
go


on


Sw
ee


tw
at


er
 R


iv
er


Sa
n 


E
lij


o 
La


go
on


Su
th


er
la


nd
 R


es
er


vo
ir


Sa
n 


D
ie


go
 R


iv
er


ed
io


nd
a


La
ke


 J
en


ni
ng


s


M
ur


ra
y 


R
es


er
vo


ir


Sa
n


D
ie


go
B


ay


La
go


on


Sa
n 


D
ie


gu
ito


 R
iv


er


C
ho


lla
s 


R
es


er
vo


ir


SO
U


R
C


E:
 2


00
2 


E
SR


I S
tre


et
m


ap
 d


at
as


et
; S


an
G


IS
, 2


00
6


8/
1/


06
  E


C
 K


M
  Z


:\P
ro


je
ct


s\
IS


\S
an


D
ie


go
C


ou
nt


y\
G


ill
es


pi
eF


ie
ld


\M
xd


\F
ig


1_
R


eg
io


na
lM


ap
H


yd
ro


.m
xd


.m
xd


R
E


G
IO


N
A


L
 M


A
P


FI
G


U
R


E
 1


6
0


6


M
ile


s�







4 Hydrology and Water Quality Study  
  Gillespie Field 70-Acre Redevelopment Project 


July 12, 2007 







W
IN


G
AV


DENNY WY


W BRADLEY AV


AIRPORT DR
JO


E
CR


O S
SO


N
DR


FLOYD SMITH DR


SOURCE: County of San Diego 2006


6/29/06  EC KM  Z:\Projects\IS\SanDiegoCounty\GillespieField\Mxd\Fig2_LocationMap.mxd


LOCATION MAP FIGURE 2


400 0 400


Feet


�
PROJECT BOUNDARY







6 Hydrology and Water Quality Study  
  Gillespie Field 70-Acre Redevelopment Project 


July 12, 2007 







DEVELOPMENT OF 70-ACRE PARCEL


(PROPOSED PROJECT) FIGURE 3


Legend


15 acres (taxiway and
other infrastructure
improvements)


55 acres of aviation
development


No ScaleNo ScaleSOURCE: County of San Diego, 2006SOURCE: County of San Diego, 2006
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REDUCED FOOTPRINT DEVELOPMENT OF 70-ACRE PARCEL


WITH AVOIDANCE OF SAN DIEGO AMBROSIA AREA


(ALTERNATIVE A) FIGURE 4


No ScaleNo ScaleSOURCE: County of San Diego, 2006SOURCE: County of San Diego, 2006


Legend


15 acres (taxiway and
other infrastructure
improvements)


51.9 acres of aviation
development


1.1 acre of ambrosia
to be preserved


100 feet softscape
(2.0 acres)
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FURTHER REDUCED FOOTPRINT DEVELOPMENT OF 70-ACRE PARCEL


WITH CONTINUATION OF EXISTING USES


(ALTERNATIVE B) FIGURE 5


No ScaleNo ScaleSOURCE: County of San Diego, 2006SOURCE: County of San Diego, 2006


Legend


15 acres (taxiway and
other infrastructure
improvements)


21.5 acres of aviation
development


1.1 acre of ambrosia
to be preserved


32.4 acres of aviation
designated land to
continue with existing
uses
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HYDROLOGIC ANALYSIS 


Methodology 


Hydrologic analysis was performed to determine the impact of the change in land use for the 
study area from the existing condition of vacant land to aviation use, similar to industrial 
development.  As the project is within City of El Cajon watersheds and tributary to existing City 
of El Cajon infrastructure and channels, the project would impact the hydrology of the city’s 
systems.  To minimize impacts to the City of El Cajon watersheds and waterways, the analysis 
was conducted using the rational method following the City of El Cajon guidelines.  Additional 
guidance was provided by the San Diego County Hydrology Manual as necessary to complete 
the analysis.  


Separate drainage basins were delineated for each of the seven drainage outlets in the study 
area based on one foot contour topography data provided by the County.  These basins were to 
be used for both the existing and developed conditions.  The City of El Cajon guidelines for 
hydrologic analysis dictate a maximum overland flow length of 500 feet, thus sub-basins were 
delineated to satisfy this requirement. 


Intensity of rainfall used in the rational method is dependent on the total time of concentration, 
which is made up of initial time of concentration plus travel time.  Initial time of concentration 
was determined using the urban overland time of flow curves, which are dependant on the slope 
and coefficient of runoff of the sub-basin. 


Travel time was determined using the flowpath length divided by the flow velocity estimated 
using the Manning’s equation nomograph provided in the San Diego County Hydrology Manual.  
Flow velocity computations were based on the average slope of the entire study area, 1.1% and 
Manning n values of 0.025 and 0.015 for existing and developed conditions, respectively. 


Rainfall intensity was determined using the total time of concentration and the City of El Cajon 
Average Intensity Duration Curves. The developed and existing conditions are modeled as 
urban areas for purposes in computing the time of concentration.  The coefficient of runoff for 
each sub-basin was determined by spatial average for the existing and developed scenarios.  


Existing Condition 


The project is within the San Diego Hydrologic Unit (7) of the San Diego Region as defined in 
the San Diego Basin Water Quality Control Plan (1994), referred to as the Basin Plan.  San 
Diego Hydrologic Unit is a long, triangular-shaped area of about 440 square miles drained by 
the San Diego River.  Annual precipitation ranges from less than 11 inches at the coast to about 
35 inches around Cuyamaca and El Capitan Reservoir.  The San Diego Hydrologic Unit is 
comprised of the following four hydrologic areas; Lower San Diego, San Vicente, El Capitan, 
and Boulder Creek Hydrologic Areas.  Gillespie Field is located within the El Cajon Hydrologic 
Subarea, a subarea within the Lower San Diego Hydrologic Area.  


As part of the demolition of the previous uses, the study area has been cleared of vegetation 
and leveled.  A small area of approximately 1.2 acres along Joe Crosson Drive contains 
biologically sensitive Ambrosia.  The existing condition hydrologic runoff coefficient used for the 
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determination of peak flow rates corresponds to previous site conditions. The runoff coefficient 
for the majority of the study area was determined to be 0.65 corresponding to vacant land with 
relatively flat land with low infiltration capacity no effective vegetal cover and negligible surface 
depressions.   


Figure 6 shows the project area and sub-basins draining to each of the drainage pipes noted in 
field reconnaissance (numbered 1-7) and confirmed by the one foot topography; flow direction 
arrows have been added to show drainage patterns.  


Proposed Project and Alternative A Developed Condition 


For the proposed project, the developed condition runoff coefficient was set to 0.85 
corresponding to commercial and industrial land use.  Additional area along the southern 
boundary at Broadway Channel is designated as a Zone AE per the FEMA Flood Insurance 
Rate Map.  The 100-year flows, Zone AE, are contained within the channel.  The channel will be 
left undisturbed and the runoff coefficient for this area is set to 0.65, corresponding to the 
existing condition.  Similarly, for Alternative A, a developed condition runoff coefficient of 0.85 
was used for the analysis and a runoff coefficient of 0.65 for the channel was used. 


Alternative B Developed Condition 


For this alternative, the developed condition runoff coefficient was set to 0.85 corresponding to 
commercial and industrial land use for the 36.5 acres to be developed.  The remaining parcel 
including the southern boundary at Broadway Channel designated as Zone AE will be left 
undisturbed and the runoff coefficient for this area is set to 0.65, corresponding to the existing 
condition. 


Flow diversions are not recommended and the developed condition drainage patterns would 
remain unchanged from the existing condition.  Without the availability of grading plans, the 
delineation of the drainage basins and flow path for the developed condition is assumed to be 
the same as those for the existing condition.  Prior to final site design, the drainage basins 
should be delineated based upon grading plans.  Figure 7A shows the proposed project area 
and sub-basins draining to each of the drainage outlets, numbered 1-7.  Figure 7B shows the 
reduced footprint project area and sub-basins drainage to each of the drainage outlets, 
numbered 1-7. 


Hydrologic Findings and Project Impacts 


Results of rational method hydrologic calculations for existing condition 10- and 100-year storm 
events for each sub-basin are presented in Appendices A and B respectively; results of rational 
method hydrologic calculations for the proposed project and the reduced footprint condition 10- 
and 100-year storm events for each sub-basin are presented in Appendices C through F 
respectively.  Computed discharges from individual sub-basins were summed by drainage basin 
assuming coincident peaks, thus results reported below are considered conservative. 


Table 1 provides computed flows for each drainage basin in the study area for existing, 
proposed project, and reduced footprint land use conditions for the 10- and 100-year storm 
event. 
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Table 1 
Computed Peak Flows for Existing, Proposed Project, and Reduced 


Footprint Alternative for 10-Year and 100-Year Event 


Drainage 
Basin 


Existing or 
No Project 
Alternative 


Q (cfs) 


Alternative B 
Developed Q 


(cfs)
Increase in 


cfs
Increase in 


%


Proposed 
Project or 


Alternative A 
Developed Q 


(cfs)
Increase in 


cfs
Increase in 


%
10-year Storm Event 


1 2.80 2.80 0.00 0.0 4.97 2.17 77.3 


2 27.44 37.49 10.05 36.6 47.88 20.44 74.5 


3 32.76 47.83 15.08 46.0 56.82 24.06 73.5 


4 3.14 3.14 0.00 0.0 4.91 1.78 56.6 


5 0.99 1.76 0.76 77.0 1.76 0.76 77.0 


6 3.11 3.72 0.60 19.3 3.93 0.81 26.2 


7 6.88 12.06 5.18 75.2 12.06 5.18 75.2 
100-year Storm Event 


1 3.69 3.69 0.00 0.0 6.09 2.41 65.3 


2 35.80 47.66 11.86 33.1 59.59 23.80 66.5 


3 42.64 61.13 18.49 43.4 71.79 29.15 68.4 


4 3.98 3.98 0.00 0.0 6.31 2.33 58.5 


5 1.24 2.13 0.89 71.6 2.13 0.89 71.6 


6 3.94 4.86 0.92 23.4 5.09 1.15 29.2 


7 8.87 15.06 6.19 69.8 15.06 6.19 69.8 


For the proposed project and Alternative A, the outlets to all seven drainage basins show an 
increase in peak flows for both the 10- and 100-year for the developed condition.  There is an 
increase in the site peak flows at all project outlets, numbered 1-7.  The greatest percent 
increase in peak discharge would occur in Basin 5 which drains to the northeast corner of the 
project site.  The least significant percent increase in peak discharge would occur in Basin 6 
draining directly to the Broadway Channel. 


For Alternative B, outlets 2, 3, 5, and 7 show an increase in peak flows for both the 10- and 100-
year for the developed condition.  There is no increase in runoff for basins 1, 4, and 5.  Basin 5 
would experience the greatest percent increase in peak discharge. 


The project would be required to mitigate to the existing condition, which would mean detaining 
storm water onsite.  The amount of storm water detained for each outlet is identified as the 
“increase in cfs” in Table 1.   Facilities should be sized to accommodate the 100-year design 
flows routed through detention facilities sized to treat the water quality for the 10-year design 
flows or the treatment storage volume as discussed in the water quality section.   


While a detailed hydraulic analysis to determine the appropriate size of proposed facilities and 
upgrades is not included within this study, preliminary pipe sizes to be used for planning 
purposes are provided in Table 2 below. 
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Table 2 
Proposed Project and Alternative A and B Pipe Sizes at Drainage Outlets 


Drainage Outlet 
Existing Pipe Size 


(inches) 


Proposed Project or 
Alternative A Pipe Size 


(inches) 
Alternative B Pipe Size 


(inches) 


1 Not Known 18 18 
2 Dual 24 36 36 
3 18 42 36 
4 Not Known 18 18 
5 36 18 18 
7 14 24 24 


Pipe sizes for the outlets to basins 1-5 and 7 were calculated for the undetained proposed 
condition 100-year peak flow assuming the pipe is flowing full at a slope of one percent, a 
Manning’s “n” value of 0.13, representative of a reinforced concrete pipe, and a minimum pipe 
diameter of 18 inches.  Basin 6 drains directly to Broadway Channel.  Since no development is 
recommended within Basin 6, a pipe size is not calculated for this outlet.  Appendix G includes 
the estimated pipe diameter calculations. 


To minimize mitigation requirements, it is recommended that the natural drainage patterns be 
maintained under developed conditions.  If flows were to be redirected to the south and into 
Broadway Channel, then approval by the Federal Emergency Management Agency (FEMA) 
through a Conditional Letter of Map Revision (CLOMR) would be necessary prior to project 
development and a Letter of Map Revision (LOMR) following construction.  


Mitigation for the project site should be considered at the outlets, where flows leave the project 
site.  A master grading plan providing developed condition flow patterns and detention 
requirements for each development within each project phase is recommended to achieve 
mitigation of increased flows at the outlets.  The goal of the master grading plan would be to not 
increase flows beyond the capacity of any existing outlets and may be accomplished by either a 
grading scheme or a combination of a grading scheme and detention.  The FAA strongly 
discourages bird and wildlife attractants such as detention ponds on or near airports. Therefore, 
detention mitigation measures should include the additional storage and longer ‘times of 
concentrations’ generated during the collection of roof runoff from proposed buildings and 
hangars. If further detention is required, then additional storage into mini-retention facilities such 
as cisterns or rain barrels could be considered.  


Within the public right of way, a minimum pipe diameter of 18 inches is required within the 
County of San Diego for maintenance purposes.  Dependent upon the location of drainage 
outlet 7, the pipe may need to upsized to meet minimum design criteria.   


Drainage outlets 1 and 4 were located on the topographic map as sump areas but could not be 
field verified.  These outlets may have previously been smaller pipes that drained internally to 
another existing outfall.  Flow patterns would indicate that Outlet 4 would be tributary to Outlet 2 
and that Outlet 1 would be tributary to Outlet 3.  A component of the master grading plan would 
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be to layout an internal backbone storm drain system that would address the capacity of these 
systems.   


The peak flows for the 100- and 10-year storm events for the existing and developed condition 
hydrology are shown on Figures 6, 7a, and 7b, respectively. 


FLOODPLAIN ANALYSIS 


The Project is located within a Federal Emergency Management Agency (FEMA) mapped Zone 
AE and Zone X as defined below and shown on Figure 8.  Zone AE is a Special Flood Hazard 
Area inundated by the 100-year flood with base flood elevations determined.  Shaded Zone X is 
defined as an area that is within the 500-year flood or areas of 100-year flood with an average 
depth of less than 1 foot or with drainage areas less than 1 square mile or an area protected by 
a levee from the 100-year flood.  An un-shaded Zone X area is defined as an area outside the 
500-year floodplain.  The majority of the Project site is within a shaded or un-shaded Zone X.  
The mapped flood zones for the Project were determined from the National Flood Insurance 
Program Federal Insurance Rate Map Panels 06073C1653F and 06073C1654F (FEMA, June 
19, 1997).   


The 100-year flows are presently contained within the Broadway Channel.  Channel 
improvements would not alter the extents of the Zone AE.  Development to the channel bank 
and southward to the Project boundary would negatively impact the channel without increasing 
the developable area.  As a result, development should not occur within this portion of Zone AE 
as shown on Figure 8. 


Excepting Broadway Channel, the southwest half of the property is located in area designated 
as shaded Zone X.  Development within a shaded zone X is may be permitted and is not 
considered a significant impact.  This zone is distinguished from areas that are in un-shaded 
Zone X, defined as an area outside the 500-year floodplain.   


Development within un-shaded Zone X would cause no impact to the floodplain.  Figure 8 
depicts the location of the areas outside the 500-year floodplain (also referred to as un-shaded 
Zone X), the areas within the 500-year floodplain (shaded Zone X), and the area within a 100-
year floodplain (Zone AE). 


WATER QUALITY ANALYSIS 


Runoff is a term used to describe any water that drains or runs off a defined land area into a 
waterway.  Runoff can be the result of rain, in which case it is also sometimes referred to as 
storm water.  Runoff can also result from various other sources or activities such as irrigation, 
hosing down of areas, errant wash water from cleaning, leaks in pipes, and air conditioner 
condensation.  When runoff is not the result of natural precipitation, it is sometimes referred to 
as non-storm water.  Non-storm water runoff is usually the result of land uses and activities that 
have potential to discharge pollutants that could adversely affect water quality. 
Existing Conditions 


For the existing condition, on-site water resources are limited to runoff.  The project site is 
characterized as vacant land.  No structures are currently located on site. In addition, no 
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activities are conducted on the undeveloped site, which could result in non-storm water 
discharges containing pollutants.  Straw waddles are located at the site perimeter to intercept 
runoff and reduce the flow velocity and provide removal of sediment from the runoff.  Straw 
mulch is provided on the site to prevent erosion.  Some of the onsite storm drain outlets are 
currently surrounded by sandbags to prevent sediments from leaving the site.  Runoff from the 
existing project site would have the potential to substantially adversely affect water quality from 
sedimentation. 


Applicable Regulations 


Federal 


Clean Water Act.  The Clean Water Act (CWA) was designed to restore and maintain the 
chemical, physical, and biological integrity of the waters in the United States.  The CWA also 
directs states to establish water quality standards for all waters of the United States and to 
review and update such standards on a triennial basis. Other provisions of the CWA related to 
basin planning include Section 208, which authorizes the preparation of waste treatment 
management plans, and Section 319, which mandates specific actions for the control of 
pollution from nonpoint sources.  The U.S. Environmental Protection Agency (EPA) has 
delegated responsibility for implementation of portions of the CWA to the State Water 
Resources Control Board (SWRCB) and the Regional Water Quality Control Boards 
(RWQCBs), including water quality control planning and control programs, such as the National 
Pollutant Discharge Elimination System (NPDES) program. The NPDES program is a set of 
permits designed to implement the CWA that apply to various activities that generate pollutants 
with potential to impact water quality. 


Section 303d of the Clean Water Act (CWA) requires states to adopt water quality standards for 
all surface waters of the United States.  The CWA Section 303(d) list identifies impaired water 
bodies.  The runoff from the project site does not directly discharge into an impaired water body; 
however, it indirectly discharges to Forester Creek, which is 303(d) impaired for fecal coliform, 
pH, and totals dissolved solids (tds).  The runoff leaving the site at drain 6 enters Broadway 
Channel and confluences downstream of the project site with Forester Creek.  Runoff leaving 
the site from Drains 1-5 and 7 enter directly into storm drain systems and are conveyed 
downstream to an eventual confluence with Forester Creek (see Figure 6).    


Forester Creek has a downstream confluence with the San Diego River and the Pacific Ocean. 
The San Diego River is identified as a 303(d) impaired water body for low dissolved oxygen, 
phosphorus, and total dissolved solids, and the lower 6 miles as impaired for fecal coliform.  The 
Pacific Ocean at the mouth of the San Diego River is listed as an impaired water body [303(d) of 
the Clean Water Act] based on bacteria indicators.    
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Water bodies placed on the Section 303(d) list are subject to development of Total Maximum 
Daily Loads (TMDLs) as required by federal law.  Runoff leaving the project site does not 
directly discharge into a 303(d)-listed water body and therefore the development of the project 
site will not require the development of TMDL.  However, because site runoff indirectly 
discharges to Forester Creek, San Diego River and the Pacific Ocean downstream from the 
site, consideration to the maximum extent practicable should be taken to eliminate the 
introduction of pollutants in storm water and non-storm water runoff.  This is addressed as part 
of the mandatory compliance with the National Pollutant Discharge Elimination System 
(NPDES).   


The Federal Aviation Administration (FAA) requires issuance of a water quality certificate 
(WQC) as part of the permit issuance process.  The NPDES permit from the State may be 
utilized to obtain a WQC to comply with Section 401 of the Clean Water Act. 


National Pollution Discharge Elimination System (NPDES) Permit Program – Phase I.  In 
November 1990, under Phase I of the urban runoff management strategy, the EPA published 
NPDES permit application requirements for municipal, industrial, and construction stormwater 
discharges.  The application requirements were directed at municipalities which own and 
operate separate storm drain systems serving populations of 100,000 or more, or which 
contribute significant pollutants to waters of the United States, and required such agencies to 
obtain coverage under municipal stormwater NPDES permits. 


Municipalities were required to develop and implement an urban runoff management program to 
address activities to reduce pollutants in urban runoff and stormwater discharges that were 
contributing a substantial pollutant load to their systems.  Rather than establishing numeric 
effluent limits, the EPA established narrative effluent limits for urban runoff, including the 
requirement to implement appropriate BMPs. 


The NPDES permit system was established in the CWA to regulate both point source 
discharges (a municipal or industrial discharge at a specific location or pipe) and nonpoint 
source discharges (diffuse runoff of water from adjacent land uses) to surface waters of the 
United States.  For point source discharges, each NPDES permit contains limits on allowable 
concentrations and mass emission of pollutants contained in the discharge.  For nonpoint 
source discharges, the NPDES program establishes a comprehensive stormwater quality 
program to manage urban stormwater and minimize pollution of the environment to the 
maximum extent practicable.  The NPDES program consists of characterizing receiving water 
quality, identifying harmful constituents, targeting potential sources of pollutants, and 
implementing a comprehensive stormwater management program. 


A copy of the NPDES general permit for discharges of storm water associated with industrial 
activities excluding construction activities is included in Appendix I for reference. 


State 


Porter-Cologne Water Quality Control Act.  The Porter-Cologne Water Quality Control Act 
authorizes the SWRCB to adopt, review, and revise policies for all waters of the state (including 
both surface and groundwaters) and directs the RWQCB to develop regional Basin Plans.  
Section 13170 of the California Water Code also authorizes the SWRCB to adopt water quality 
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control plans on its own initiative.  The Water Quality Control Plan for the San Diego Basin (9) 
(Basin Plan) is designed to preserve and enhance the quality of water resources in the San 
Diego Region for the benefit of present and future generations.  The purpose of the plan is to 
designate beneficial uses of the Region’s surface and ground waters, designate water quality 
objectives for the reasonable protection of those uses, and establish an implementation plan to 
achieve the objectives.   


All projects resulting in discharges, whether to land or water, are subject to Section 13263 of the 
California Water Code and are required to obtain approval of Waste Discharge Requirements 
(WDRs) from the RWQCBs.  Land and groundwater-related WDRs (i.e., non-NPDES WDRs) 
regulate discharges of process and wash-down wastewater and privately or publicly treated 
domestic wastewater.  WDRs for discharges to surface waters also serve as NPDES permits.  


NPDES Construction Stormwater Permit.  In California, the SWRCB and its RWQCBs 
administer the NPDES permit program.  Stormwater runoff from construction activity that results 
in soil disturbances of at least one acre of total land area (and projects that meet other specific 
criteria) is governed by the SWRCB under Water Quality Order 99-08-DWQ, NPDES Permit 
#CAS000002. These regulations prohibit discharges of polluted stormwater from construction 
projects that disturb one or more acres of soil unless the discharge is in compliance with the 
general NPDES permit requirements.  The nine individual RWQCBs enforce the General 
Construction Stormwater Permit for projects within their region. The San Diego RWQCB 
oversees permits for projects located in the City of El Cajon. 


It is the responsibility of the construction site owner or landowner to obtain coverage under this 
General Permit prior to commencement of construction activities.  To obtain coverage, the 
operator or owner must file an NOI with a vicinity map and the appropriate fee with the SWRCB.  
The General Permit outlines the requirements for preparation of an SWPPP.   


Regional 


San Diego Basin Plan.  The Basin Plan sets forth water quality objectives for constituents that 
could potentially cause an adverse effect or impact on the beneficial uses of water. The 
beneficial uses of the receiving waters relevant to the proposed project are listed in Section 
4.6.1.2 above.  Specifically, the San Diego Region Basin Plan is designed to accomplish the 
following: 


� Designate beneficial uses for surface and ground waters,  
� Set the narrative and numerical objectives that must be attained or maintained to protect 


the designated beneficial uses and conform to the state’s antidegradation policy, 
� Describe implementation programs to protect the beneficial uses of all waters within the 


region, and 
� Describe surveillance and monitoring activities to evaluate the effectiveness of the Basin 


Plan. 


The Basin Plan incorporates by reference all applicable SWRCB and RWQCB plans and 
policies.   
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San Diego Watershed Urban Runoff Management Program.  The goal of the San Diego 
Watershed Urban Runoff Management Plan (WURMP) is to positively affect the water 
resources of the San Diego River watershed while balancing economic, social and 
environmental constraints.  This goal and its supporting objectives and activities described in 
the WURMP document comply with the waste discharge requirements of the RWQCB Order 
No. 2001-01.  The six jurisdictions that make up the SDHU collectively developed the San Diego 
WURMP to address the complex water quality issues represented by the diverse environment of 
the SDHU. 


In compliance with Order No. 2001-01 and to improve the watershed’s water quality, the San 
Diego WURMP identifies and prioritizes the water quality issues that need to be addressed and 
designates an overarching goal and four supporting objectives:  


� Goal: Positively affect the water resources of the San Diego River watershed while 
balancing economic, social and environmental constraints. 


� Objective 1: Develop/expand methods to assess and improve water quality within the 
watershed. 


� Objective 2: Integrate watershed principles into land use planning.  
� Objective 3: Enhance public understanding of sources of water pollution.  
� Objective 4: Encourage and develop stakeholder participation.  


To achieve the goal and its attendant objectives, the WURMP includes a work plan that 
prescribes the activities that will be undertaken by the watershed Copermittees. These activities 
are described throughout the various San Diego WURMP sections. 


According to the San Diego WURMP, the pollutants of concern for the San Diego River 
Watershed are bacterial indicators, total dissolved solids, pH, phosphorus, dissolved oxygen, 
and eutrophication.  


Local 


County of San Diego Standard Urban Stormwater Mitigation Plan (SUSMP).  The municipal 
storm water National Pollutant Discharge Elimination System (NPDES) permit (Order No. 2001-
01, NPDES No. CAS0108758, hereinafter referred to as “Municipal Permit”) issued to San 
Diego County, the Port of San Diego, and 18 cities (Copermittees) by the RWQCB on February 
21, 2001, requires the development and implementation of a program addressing urban runoff 
pollution issues in development planning for public and private projects.   


The requirement to implement a program for development planning is based on federal and 
state statutes including: Section 402 (p) of the Clean Water Act, Section 6217 of the Coastal 
Zone Act Reauthorization Amendments of 1990 (“CZARA”), and the California Water Code. The 
Clean Water Act amendments of 1987 established a framework for regulating urban runoff 
discharges from municipal, industrial, and construction activities under the NPDES program. 
The Municipal Permit requires the implementation of a Jurisdictional Urban Runoff Management 
Program (JURMP).  
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The County of San Diego SUSMP was developed to address post-construction urban runoff 
pollution from new development and redevelopment projects that fall under “priority project” 
categories. The goal of the SUSMP is to develop and implement policies to ensure to the 
maximum extent practicable that development does not increase pollutant loads from a project 
site and considers urban runoff flow rates and velocities. This goal may be achieved through 
site-specific controls and/or drainage area-based or shared structural treatment controls. 


This SUSMP identifies appropriate Best Management Practices (BMPs) for certain designated 
project types to achieve this goal.  The County of San Diego will approve the SUSMP project 
plan(s) as part of the development plan approval process for discretionary projects, and prior to 
issuing permits for ministerial projects. To allow flexibility in meeting SUSMP design standards, 
structural treatment control BMPs may be located on- or off-site, used singly or in combination, 
or shared by multiple developments, provided certain conditions are met.   


All new development and significant redevelopment projects that fall into one of the following 
“priority project” categories are subject to these SUSMP requirements, subject to the lawful prior 
approval provisions of the Municipal Permit. In the instance where a project feature, such as a 
parking lot, falls into a priority project category, the entire project footprint is subject to these 
SUSMP requirements. These categories are: 


� Residential development of 100 units or more 
� Residential development of 10 to 99 units 
� Commercial development greater than 100,000 square feet 
� Automotive repair shops 
� Restaurants 
� Hillside development greater than 5,000 square feet 
� Projects discharging to receiving waters within Environmentally Sensitive Areas 
� Parking Lots > 5,000 square feet or with > 15 parking spaces and potentially exposed to 


urban runoff 
� Streets, roads, highways, and freeways which would create a new paved surface that is 


5,000 square feet or greater. 


City of El Cajon Jurisdictional Urban Runoff Management Plan (JURMP).  The 1987 
amendments to the Federal Water Pollution Control Act (also known as the Clean Water Act 
[CWA]) added Section 402 (p), which established a framework for regulating municipal, 
industrial and construction storm water discharges under the National Pollutant Discharge 
Elimination System (NPDES). In California, these permits are issued through the State Water 
Resources Control Board (SWRCB) and the nine RWQCBs. In general, the first phase of 
NPDES implementation requires the following entities to obtain storm water discharge permits: 


� Municipalities with a population of over 100,000 
� Industries that have been identified by the Environmental Protection Agency (EPA) as 


being the potential source of storm water pollution 
� Construction projects that disturb more than five acres. 
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On July 16, 1990, the San Diego RWQCB issued Order No. 90-42, a county-wide NPDES 
municipal permit for urban storm water discharges within the County of San Diego. In this 
process, all nine watersheds within the County were incorporated under one municipal permit. 
This permit was issued to the City of San Diego as the Principal Permittee and to the County of 
San Diego, San Diego Unified Port District and 17 local municipalities (including the City of El 
Cajon) as Copermittees. The NPDES permit had an effective term of five years and was 
scheduled to expire on July 16, 1995. The expiration date of the permit was extended, pending 
the issuance of a new permit by the RWQCB. 


On February 21, 2001, the San Diego RWQCB issued Order No. 2001-01 (NPDES No. 
CAS0108758), a revised county-wide NPDES municipal permit for urban storm water 
discharges from the County of San Diego using a watershed-based approach. In this permit, the 
County of San Diego is the designated Principal Permittee, with the City of San Diego, San 
Diego Unified Port District and the same 17 local municipalities (including the City of El Cajon) 
as Copermittees. 


In compliance with San Diego RWQCB Order No. 2001- 01 (Permit), the City of El Cajon has 
developed a Jurisdictional Urban Runoff Management Program (JURMP) document. The 
purpose of this program is to minimize or eliminate the impact of human activities on receiving 
water bodies, which will be accomplished through reducing pollutants in urban runoff to the 
maximum extent practicable (MEP). JURMP document descriptions specific measures the City 
of El Cajon (City) will implement, or require to be implemented, beginning February 21, 2002 in 
order to comply with the Permit. The primary objectives of the JURMP requirements are to: 


1. Ensure that discharges from municipal urban runoff conveyance systems do not cause 
or contribute to a violation of water quality standards; 


2. Effectively prohibit non-storm water discharges in urban runoff; and 
3. Reduce the discharge of pollutants from urban runoff conveyance systems to the 


Maximum Extent Practicable (MEP statutory standard). 


On January 24, 2007, the San Diego RWQCB issued Order No. 2007-0001 (NPDES No. CA 
S0108758), a revised county-wide permit.  Modifications to the JURMP and WURMP may be 
initiated to comply with the new municipal permit.  A copy of the San Diego Regional Municipal 
Permit for discharges of urban runoff from the municipal separate storm water sewer systems 
(MS4s) draining the watersheds of the County of San Diego is included in Appendix J for 
reference. 


City of El Cajon Stormwater Management and Discharge Control Ordinance (Ord. 4686).  
In conformance with RWQCB Order No. 2001-01, the El Cajon has adopted the Stormwater 
Management and Discharge Control Ordinance.  The purpose of this ordinance is to protect the 
health, safety and general welfare of the City of El Cajon residents; to protect water resources 
and to improve water quality; to cause the use of management practices by the city and its 
citizens that will reduce the adverse effects of polluted runoff discharges on waters of the state; 
to secure benefits from the use of stormwater as a resource; and to ensure the City is compliant 
with Order 2001-01 and with applicable state and federal law.  This ordinance seeks to promote 
these purposes through the following actions: 


� Prohibiting polluted non-stormwater discharges to the stormwater conveyance system;  
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� Establishing minimum requirements for stormwater management, including source 
control requirements, to prevent and reduce pollution; 


� Establishing requirements for development project site design, to reduce stormwater 
pollution and erosion; 


� Establishing requirements for the management of stormwater flows from development 
projects, both to prevent erosion and to protect and enhance existing water-dependent 
habitats; 


� Establishing standards for the use of offsite facilities for stormwater management to 
supplement onsite practices at new development sites; and  


� Establishing notice procedures and standards for adjusting stormwater and non-
stormwater management requirements where necessary. 


Water Quality Findings 


Proposed Condition 


Development of the 70-acre project site or alternative would have the potential to impact water 
quality from the following pollutants:  sediments, hydrocarbons, pH and trash.  These pollutants 
would have the potential to result from undeveloped areas of the site with exposed soils and 
from aviation-related activities such as the use of fuels, solvents, and other chemicals. In order 
to reduce pollutants in site runoff, site-specific construction and post-construction BMPs must be 
implemented.  Construction BMPs would be temporary in nature and would reduce pollutants 
associated with construction activities, such as sediments from exposed soils or fuels used for 
heavy construction equipment.  Post-construction BMPs would be selected to reduce pollutants 
generated from onsite activities associated with the proposed project, such as aircraft fueling 
and maintenance.  Post-construction BMPs would be required to meet the flow or volumetric 
treatment requirements of the NPDES permit and the City’s SUSMP.   For the proposed project 
and reduced footprint alternative, the required volume and flow based treatment rates and 
volumes for each drainage outlet are included. 


Construction BMPs 


Water quality would have the potential to be impacted during site construction and during 
interim conditions.  Land disturbing construction activities associated with implementation of the 
proposed project or reduced footprint alternative, such as grading and excavation, construction 
of new building foundations, roads, driveways, and trenches for utilities, could result in the 
localized alteration of drainage patterns. These alterations may temporarily exceed the capacity 
of storm water facilities if substantial drainage is rerouted. Temporary ponding and/or flooding 
could also result from temporary alterations of the drainage patterns or from the temporary 
creation of a sump condition due to grading. Land alterations may temporarily result in erosion 
and siltation if flows were substantially increased or routed to facilities or channels without 
capacity to carry the flow.   


The NPDES permit program requires development and implementation of a SWPPP, which 
would be prepared by the contractor or engineer of record and would identify BMPs for 
construction and demolition activities.  A SWPPP would be required for development of the 
entire site, but may be updated as development progresses on a project-by-project basis. 
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Under the NPDES permit program, BMPs identified in the SWPPP shall accomplish the 
following:  


� Minimizing land disturbance.  Clearing of land is limited to that which will be actively 
under construction; new land disturbance during the rainy season is minimized; and 
disturbance to areas that would not be affected by construction is avoided. 


� Stabilizing disturbed areas.  Temporary stabilization of disturbed soils is provided via 
implementation of onsite erosion and sediment control BMPs whenever active 
construction is not occurring on graded portions of the site; and permanent stabilization 
is provided after finish grading via implementation of landscaping, irrigation and 
maintenance. 


� Protecting offsite slopes and channels.  To avoid erosion of slopes and channels 
outside of the approved grading area, disturbance of natural channels is avoided, 
unvegetated offsite slopes are stabilized via implementation of erosion control BMPs, 
and increases in runoff velocity caused by project construction is managed via 
implementation of onsite diversion or detention measures. 


� Controlling construction site perimeters.  Upstream runoff is diverted around or 
safely conveyed through the construction sites and is kept free of excessive sediment 
and other constituents via implementation of filtration BMPs.  Sediment-laden waters 
from disturbed or active construction areas within the redevelopment site are detained 
from discharging downstream via implementation of perimeter sediment control BMPs. 


Although each individual development is responsible for its compliance with all Federal, State 
and local environmental protection standards, the overall monitoring of storm water discharges 
and authorized non-storm water discharges, as required under the General Permit program, 
would be addressed with an Airport Monitoring Program.  The monitoring program would be 
added to the existing Airport Monitoring Program currently in place with the County of San 
Diego Department of Public Works. 


Post-Construction BMPs 


Water quality would have the potential to be impacted during site operation from activities such 
as aircraft fueling and maintenance, vehicle parking areas, and trash areas.  Site-specific BMPs 
for each development will need to be implemented at a project level, and thus will require 
project-level analysis to determine the flow based or volume based treatments achieving 
treatment to the MEP for site operations.   


For the proposed project and Alternative A, all project sites upstream of drainage outlets 1-7 will 
be responsible for treating, at a minimum, the volume of runoff as calculated per the Urban 
Runoff Quality Management Approach (URQMA) in this study, which is presented in Table 3 
and Appendix H, or the flow-based treatment required per the 10-year, 6-hour storm event 
calculation as reported in Table 1. 


For Alternative B, outlets 2, 3, 5, and 7 will be responsible for treating, at a minimum, the 
volume of runoff as calculated per URQMA in this study, which is presented in Table 3 and 
Appendix E, or the flow-based treatment required per the 10-year, 6-hour storm calculation as 
reported in Table 1.  Elimination of unauthorized non-storm water discharges should be 
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addressed by selecting site design BMPs using the Stormwater Management Practices 
Handbook prepared by the California Stormwater Quality Association (CASQA) and previous 
experience on a project-level basis. 


Site Specific BMPs should be identified to reduce pollutants including oil and grease, heavy 
metals, sediments, and trash and debris.  BMPs may include site design, source control and 
treatment control BMPs.  Definitions of the three types of post-construction BMPs, along with 
examples, are provided below. 


Site Design BMPs:  BMPs that create a hydrologically functioning project design that attempts 
to mimic the natural hydrologic regime.  Examples include reducing imperviousness, conserving 
natural resources, and providing runoff storage measures dispersed uniformly throughout a 
site’s landscape with the use of a variety of detention, retention and runoff practices. 


Source Control BMPs:  BMPs that are incorporated during site planning and approval, 
consistent with applicable General Plan policies and other development regulations.  Examples 
include storm drain system stenciling and signage and design of trash storage areas to reduce 
pollution introduction. 


Treatment Control BMPs:  BMPs designed to remove specific pollutants from the storm water 
conveyance system to the maximum extent practicable.  These BMPs are focused on the site-
specific pollutants generated by the project.  Treatment Control BMPs include biofilters, 
detention basins, infiltration basins, wet ponds/wetlands, drainage inserts, filtration, and 
hydrodynamic separator systems.   


Treatment control BMPs must be designed to meet applicable design standards, which are 
either volume-based or flow-based to treat site runoff.  The URQMA is a method of sizing 
volume-based BMPs for planning level estimates and the methodology is described in detail in 
the American Society of Civil Engineers Manual of Practice No. 87.  The URQMA, 
corresponding to approximately an 85th percentile runoff event, estimates the cubic feet of 
storage required for each drain on the project site for treatment control. Table 3 identifies the 
detention requirements for the seven on-site drainage basins.   


Table 3 
Drainage Requirements 


Proposed Project  or Alternative 
A Treatment Volume Alternative B Treatment Volume Drainage 


Basin 
Basin Area 


(acres) (acre-inch) (cubic feet) (acre-inch) (cubic feet) 


1 2.5 1.35 4901 0 0 
2 25.3 13.86 49671 7.34 26633 
3 30.7 16.58 60178 12.68 46024 
4 3.5 1.89 6861 0 0 
5 0.8 0.43 1549 0.43 1549 
6 3.3 0 0 0 0 
7 6.1 3.3 11977 3.3 11977 
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Alternatively, the 10-year 6-hour flow rate may be used as the minimum treatment for water 
quality.  The water quality peak flow for the flow-based storm events was performed as part of 
the hydrologic analysis and is provided in Table 1. 
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10-year Storm Event 
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Existing Condition and No Project Alternative 


100-year Storm Event 
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Appendix C 
Proposed Project and Alternative A  


10-year Storm Event 
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Appendix D 
Alternative B 10-year Storm Event 
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Proposed Project and Alternative A  


100-year Storm Event 
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Appendix F 
Alternative B 100-year Storm Event
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Appendix G 
Pipe Size Calculations 



























































































































Appendix H 
Water Quality – Storm Water Volume 


Calculations 



























Appendix I 
NPDES Waste Discharge Requirements for 
Discharges of Storm Water Associated with 


Industrial Activities 











State Water Resources Control Board 
Division of Water Quality


1001 I Street • Sacramento, California  95814 • (916) 341-5538


Mailing Address:  P.O. Box 1977 • Sacramento, California • 95812-1977


FAX (916) 341-5543 • Internet Address:  http://www.waterboards.ca.gov/stormwtr/index.html


Linda S. Adams


Secretary for 


Environmental Protection


Arnold Schwarzengger
Governor


To: STORM WATER DISCHARGER 


SUBJECT: CHECKLIST FOR SUBMITTING A NOTICE OF INTENT 


In order for the State Water Resources Control Board to expeditiously process your Notice of 
Intent (NOI), the following items must be submitted to either of the addresses indicated below: 


1._______ NOI  (please keep a copy for your files) with all applicable sections completed
and original signature of the facility operator; 


2._______ Check made out to the “State Water Resources Control Board” with the 


appropriate fee. The regular fee is $830.00 ($700 plus 18.5% surcharge).


3. _______ Site Map of the facility (see NOI instructions). DO NOT SEND BLUEPRINTS 


U.S. Postal Service Address Overnight Mailing Address


State Water Resources Control Board                  State Water Resources Control Board
Division of Water Quality                                    Division Of Water Quality 
Attn:  Storm Water Section                                  Attn: Storm Water, 15th Floor
P.O. Box 1977                                                      1001 I Street
Sacramento, CA  95812-1977                               Sacramento, CA  95814


NOIs are processed in the order they are received.  A NOI receipt letter will be mailed to the 
facility operator within approximately two weeks. Incomplete NOI submittals will be returned to 
the facility operator within the same timeframe and will specify the reason(s) for return.  If you 
need a receipt letter by a specific date (for example, to provide to a local agency), we advise that 
you submit your NOI thirty (30) days prior to the date the receipt letter is needed. 


Please do not call us to verify your NOI status.  A copy of your NOI receipt letter will be 
available on our web page within twenty-four (24) hours of processing.  Go to: 
http://www.waterboards.ca.gov/stormwtr/databases.html to retrieve an electronic copy of your NOI 
receipt letter. If you have any questions regarding this matter, please contact us at (916) 341-5538.
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FACT SHEET
FOR


STATE WATER RESOURCES CONTROL BOARD (STATE WATER BOARD) 
WATER QUALITY ORDER NO. 97-03-DWQ 


NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) 
GENERAL PERMIT NO. CAS000001 (GENERAL PERMIT) 


WASTE DISCHARGE REQUIREMENTS (WDRS) 
FOR


DISCHARGES OF STORM WATER ASSOCIATED WITH INDUSTRIAL ACTIVITIES 
EXCLUDING CONSTRUCTION ACTIVITIES


BACKGROUND


In 1972, the Federal Water Pollution Control Act (also referred 
to as the Clean Water Act [CWA]) was amended to provide that the 
discharge of pollutants to waters of the United States from any 
point source is effectively prohibited unless the discharge is in 
compliance with an NPDES permit.  The 1987 amendments to the CWA 
added Section 402(p) that establishes a framework for regulating 
municipal and industrial storm water discharges under the NPDES 
Program.  On November 16, 1990, the U.S. Environmental Protection 
Agency (U.S. EPA) published final regulations that establish 
application requirements for storm water permits.  The 
regulations require that storm water associated with industrial 
activity (storm water) that discharges either directly to surface 
waters or indirectly through municipal separate storm sewers must 
be regulated by an NPDES permit.


U.S. EPA developed a four-tier permit issuance strategy for storm 
water discharges associated with industrial activity as follows: 


 Tier I, Baseline Permitting--One or more general permits will 
be developed to initially cover the majority of storm water 
discharges associated with industrial activity. 


 Tier II, Watershed Permitting--Facilities within watersheds 
shown to be adversely impacted by storm water discharges 
associated with industrial activity will be targeted for 
individual or watershed-specific general permits. 


 Tier III, Industry-Specific Permitting--Specific industry 
categories will be targeted for individual or 


 Industry-specific general permits. 


 Tier IV, Facility-Specific Permitting--A variety of factors 
will be used to target specific facilities for individual 
permits.


The regulations allow authorized states to issue general permits 
or individual permits to regulate storm water discharges.







Consistent with Tier I, Baseline Permitting, of the U.S. EPA 
permitting strategy, the State Water Board issued a statewide 
General Permit on November 19, 1991 that applied to all storm 
water discharges requiring a permit except construction activity. 
The monitoring requirements of this General Permit were amended 
September 17, 1992.  A separate statewide general permit has been 
issued for construction activity.


To obtain authorization for continued and future storm water 
discharge under this General Permit, each facility operator must 
submit a Notice of Intent (NOI).  This approach is consistent 
with the four-tier permitting strategy described in Federal 
regulations, i.e., Tier 1, Baseline Permitting.  Tier 1, Baseline 
Permitting, enables the State to begin reducing pollutants in 
industrial storm water in the most efficient manner possible.


This General Permit generally requires facility operators to: 


1. Eliminate unauthorized non-storm water discharges; 
2. Develop and implement a storm water pollution prevention plan 


(SWPPP); and 
3. Perform monitoring of storm water discharges and authorized 


non-storm water discharges. 


TYPES OF STORM WATER DISCHARGES COVERED BY THIS GENERAL PERMIT


This General Permit is intended to cover all new or existing 
storm water discharges and authorized non-storm water discharges 
from facilities required by Federal regulations to obtain a 
permit including those (1) facilities previously covered by the 
San Francisco Bay Regional Water Quality Control Board Order
No. 92-011 (as amended by Order No. 92-116), (2) facilities 
designated by the Regional Water Quality Control Boards (Regional 
Water Boards), (3) facilities whose operators seek coverage under 
this General Permit, (4) and facilities required by future
U.S. EPA storm water regulations.


The General Permit is intended to cover all facilities described 
in Attachment 1, whether the facility is primary or is auxiliary 
to the facility operator's function.  For example, although a 
school district's primary function is education, a facility that 
it operates for vehicle maintenance of school buses is a 
transportation facility that is covered by this General Permit. 


The definition of "storm water associated with industrial 
activity" is provided in Attachment 4, Definition 9, of this 
General Permit.  Facilities that discharge storm water associated 
with industrial activity requiring a General Permit are listed by 
category in 40 Code of Federal Regulations (CFR)
Section 122.26(b)(14) (Federal Register, Volume 55 on
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Pages 48065-66) and in Attachment 1 of this General Permit.  The 
facilities can be publicly or privately owned.  General 
descriptions of these categories are: 


 1. Facilities subject to storm water effluent limitations 
guidelines, new source performance standards, or toxic 
pollutant effluent standards (40 CFR Subchapter N); 


 2. Manufacturing facilities; 


 3. Mining/oil and gas facilities; 


 4. Hazardous waste treatment, storage, or disposal facilities; 


 5. Landfills, land application sites, and open dumps that 
receive industrial waste; 


 6. Recycling facilities such as metal scrap yards, battery 
reclaimers, salvage yards, automobile yards; 


 7. Steam electric generating facilities; 


 8. Transportation facilities that conduct any type of vehicle 
maintenance such as fueling, cleaning, repairing, etc.; 


 9. Sewage treatment plants; 


10. Construction activity (covered by a separate general 
permit); and 


11. Certain facilities (often referred to as "light industry") 
where industrial materials, equipment, or activities are 
exposed to storm water. 


For the most part, these facilities are identified in the Federal 
regulations by a Standard Industrial Classification (SIC).


Category 1 Dischargers


The following categories of facilities currently have storm water 
effluent limitation guidelines for at least one of their 
subcategories.  They are cement manufacturing (40 CFR Part 411); 
feedlots (40 CFR Part 412); fertilizer manufacturing
(40 CFR Part 418); petroleum refining (40 CFR Part 419); 
phosphate manufacturing (40 CFR Part 422); steam electric power 
generation (40 CFR Part 423); coal mining (40 CFR Part 434); 
mineral mining and processing (40 CFR Part 436); ore mining and 
dressing (40 CFR Part 440); and asphalt emulsion
(40 CFR Part 443).  A facility operator whose facility falls into 
one of these general categories should examine the effluent 
guidelines to determine if the facility is categorized in one of 
the subcategories that have storm water effluent guidelines.  If
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a facility is classified as one of those subcategories, that 
facility is subject to the standards listed in the CFR for that 
category and is subject to this General Permit.  This General 
Permit contains additional requirements (see Section B.6.) for 
facilities with storm water effluent limitations guidelines. 


Category 5 Dischargers


Inactive or closed landfills, land application sites, and open 
dumps that have received industrial wastes (Category 5) may be 
subject to this General Permit unless the storm water discharges 
from the sites are already regulated by an NPDES permit issued by 
the appropriate Regional Water Board.  Facility operators of 
closed landfills that are regulated by waste discharge 
requirements (WDRs) may be required to comply with this General 
Permit.  In some cases, it may be appropriate for closed 
landfills to be covered by the State Water Board's General Permit 
during closure activities.  The Construction Activities General 
Permit should cover new landfill construction.  Facility 
operators should contact their Regional Water Board to determine 
the appropriate permit coverage. 


Category 10 Dischargers


Facility operators of Category 10 (light industry) facilities are 
not subject to this General Permit if they can certify that the 
following minimum conditions at their facilities are met: 


1. All prohibited non-storm water discharges have been 
eliminated or otherwise permitted. 


2. All areas of past exposure have been inspected and cleaned, 
as appropriate. 


3. All materials related to industrial activity (including waste 
materials) are not exposed to storm water or authorized
non-storm water discharges. 


4. All industrial activities and industrial equipment are not 
exposed to storm water or authorized non-storm water 
discharges.


5. There is no exposure of materials associated with industrial 
activity through other direct or indirect pathways such as 
particulates from stacks and exhaust systems. 


6. There is periodic re-evaluation of the facility to ensure 
Conditions 1, 3, 4, and 5 are continuously met. 


Currently, facility operators that can certify that the above 
conditions are met are not required to notify the State Water
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Board or Regional Water Board.  These facility operators are 
advised to retain such certification documentation on site. 


The Ninth Circuit Court of Appeals invalidated the exemption 
granted by U.S. EPA for storm water discharges from facilities in 
Category 11 that do not have exposure and remanded the regulation 
to U.S. EPA for further action.  The State Water Board, at this 
time, is not requiring storm water discharges from facilities in 
Category 11 that do not have exposure to be covered by this 
General Permit.  Instead, the State Water Board will await future 
U.S. EPA or court action clarifying the types of storm water 
discharges that must be permitted.  If necessary, the State Water 
Board will reopen the General Permit to accommodate such a 
clarification.


Section 1068 of the Intermodal Surface Transportation Act of 1991 
exempts municipal agencies serving populations of less than 
100,000 from Phase I permit requirements for most facilities they 
operate (uncontrolled sanitary landfills, power plants, and 
airports are still required to be permitted in Phase I).
Phase II of the Permit Program scheduled to begin
August 7, 2001 will cover the facilities that are exempt from 
Phase I permit requirements. 


 TYPES OF DISCHARGES NOT COVERED BY THIS GENERAL PERMIT


1. CONSTRUCTION ACTIVITY:  Discharges from construction activity 
of five acres or more, including clearing, grading, and 
excavation.  A separate general permit was adopted on


 August 20, 1992 for this industrial category. 


2. FACILITIES WHICH HAVE NPDES PERMITS CONTAINING STORM WATER 
PROVISIONS:  Some storm water discharges may be regulated by 
other individual or general NPDES permits issued by the State 
Water Board or the Regional Water Boards.  This General 
Permit shall not regulate these discharges.  When the 
individual or general NPDES permits for such discharges 
expire, the State Water Board or Regional Water Board may 
authorize coverage under this General Permit or another 
general NPDES permit, or may issue a new individual NPDES 
permit consistent with the Federal and State storm water 
regulations.  Interested parties may petition the State Water 
Board or appropriate Regional Water Board to issue individual 
or General NPDES Permits.  General Permits may be issued for 
a particular industrial group or watershed area. 


3. FACILITIES DETERMINED INELIGIBLE BY REGIONAL WATER BOARDS:  
Regional Water Boards may determine that discharges from a 
facility or groups of facilities, otherwise eligible for 
coverage under this General Permit, have potential water 
quality impacts that may not be appropriately addressed by 
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 this General Permit.  In such cases, a Regional Water Board 
may require such discharges to be covered by an individual or 
general NPDES permit.  Interested persons may petition the 
appropriate Regional Water Board to issue individual NPDES 
permits.  The applicability of this General Permit to such 
discharges will be terminated upon adoption of an individual 
NPDES permit or a different general NPDES permit. 


4. FACILITIES WHICH DO NOT DISCHARGE STORM WATER TO WATERS OF 
THE UNITED STATES:  The discharges from the following 
facilities are not required to be permitted: 


 a. FACILITIES THAT DISCHARGE STORM WATER TO MUNICIPAL 
SANITARY SEWER SYSTEMS:  Facilities that discharge storm 
water to municipal sanitary sewer systems or combined 
sewer systems are not required by Federal regulations to 
be covered by an NPDES storm water permit or to submit an 
NOI to comply with this General Permit.  (It should be 
noted that many municipalities have sewer use ordinances 
that prohibit storm drain connections to their sanitary 
sewers.)


 b. FACILITIES THAT DO NOT DISCHARGE STORM WATER TO SURFACE 
WATERS OR SEPARATE STORM SEWERS:  Storm water that is 
captured and treated and/or disposed of with the 
facility's NPDES permitted process wastewater and storm 
water that is disposed of to evaporation ponds, 
percolation ponds, or combined sewer systems are not 
required to obtain a storm water permit.  To avoid 
liability, the facility operator should be certain that
no discharge of storm water to surface waters would occur 
under any circumstances. 


5. MOST SILVICULTURAL ACTIVITIES:  Storm water discharges from 
most silvicultural activities such as thinning, harvesting 
operations, surface drainage, or road construction and 
maintenance are exempt from this permit.  Log sorting or log 
storage facilities that fall within SIC 2411 are required to 
be permitted. 


6. MINING AND OIL AND GAS FACILITIES:  Oil and gas facilities 
that have not released storm water resulting in a discharge 
of a reportable quantity (RQ) for which notification is or 
was required pursuant to 40 CFR Parts 110, 117, and 302 at 
any time after November 19, 1987 are not required to be 
permitted unless the industrial storm water discharge 
contributed to a violation of a water quality standard.
Mining facilities that discharge storm water that does not 
come into contact with any overburden, raw materials, 
intermediate product, finished product, by-product, or waste 


 product located at the facility are not required to be 
permitted.  These facilities must be permitted if they have a 
new release of storm water resulting in a discharge of an RQ. 
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7. FACILITIES ON INDIAN LANDS:  the U.S. EPA will regulate 
Discharges from facilities on Indian lands. 


 NOTIFICATION REQUIREMENTS


Storm water discharges from facilities described in the section 
titled "Types of Storm Water Discharges Covered by This General 
Permit" must be covered by an NPDES permit.  An NOI must be 
submitted by the facility operator for each individual facility 
to obtain coverage.  Certification of the NOI signifies that the 
facility operator intends to comply with the provisions of the 
General Permit.  Facility operators who have filed NOIs for the 
State Water Board Order No. 91-013-DWQ (as amended by Order
No. 92-12-DWQ) or San Francisco Bay Regional Water Board Order 
No. 92-011 (as amended by Order No. 92-116) will be sent an 
abbreviated NOI soon after adopting this General Permit that must 
be completed and returned within 45 days of receipt.  Where 
operations have discontinued and significant materials remain on 
site (such as at closed landfills), the landowner may be 
responsible for filing an NOI and complying with this General 
Permit.  A landowner may also file an NOI for a facility if the 
landowner, rather than the facility operator(s), is responsible 
for compliance with this General Permit. 


A facility operator that does not submit an NOI for a facility 
must submit an application for an individual NPDES permit.
U.S. EPA's regulations [40 CFR 122.21 (a)] exclude facility 
operators covered by a general permit from requirements to submit 
an individual permit application unless required by the Regional 
Water Board.  The NOI requirements of this General Permit are 
intended to establish a mechanism which can be used to establish 
a clear accounting of the number of facility operators complying 
with the General Permit, their identities, the nature of 
operations at the facilities, and location. 


All facility operators filing an NOI after the adoption of this 
General Permit must comply with this General Permit.  Existing 
facility operators who have filed NOIs prior to the adoption of 
this General Permit shall continue to complete the requirements 
of the previous General Permit through June 30, 1997 including 
submitting annual reports to the Regional Water Boards by
July 1, 1997.  Group Leaders are required to submit a 1996-97 
Group Evaluation Report by August 1, 1997. 


 DESCRIPTION OF GENERAL PERMIT CONDITIONS


Prohibitions
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This General Permit authorizes storm water and authorized
non-storm water discharges from facilities that are required to 
be covered by a storm water permit.  This General Permit 
prohibits discharges of material other than storm water (non-
storm water discharges) that are not authorized by the General 
Permit and discharges containing hazardous substances in storm 
water in excess of reportable quantities established at 40 CFR 
117.3 and 40 CFR 302.4.  Authorized non-storm water discharges 
are addressed in the Special Conditions of the General Permit. 


Effluent Limitations


NPDES Permits for storm water discharges must meet all applicable 
provisions of Sections 301 and 402 of the CWA.  These provisions 
require control of pollutant discharges using best available 
technology economically achievable (BAT) and best conventional 
pollutant control technology (BCT) to prevent and reduce 
pollutants and any more stringent controls necessary to meet 
water quality standards. 


U.S. EPA regulations (40 CFR Subchapter N) establish effluent 
limitation guidelines for storm water discharges from facilities 
in ten industrial categories.  For these facilities, compliance 
with the effluent limitation guidelines constitutes compliance 
with BAT and BCT for the specified pollutants and must be met to 
comply with this General Permit. 


For storm water discharges from facilities not among the ten 
industrial categories listed in 40 CFR Subchapter N, it is not 
feasible at this time to establish numeric effluent limitations. 
The reasons why establishment of numeric effluent limitations is 
not feasible are discussed in detail in State Water Board Orders 
No. WQ 91-03 and WQ 91-04.  Therefore, this General Permit allows 
the facility operator to implement best management practices 
(BMPs) to comply with the requirements of this General Permit.
This approach is consistent with the U.S. EPA's August 1, 1996 
"Interim Permitting Approach for Water Quality Based Effluent 
Limitations in Storm Water Permits". 


Receiving Water Limitations


Storm water discharges shall not cause or contribute to a 
violation of an applicable water quality standard.  The General 
Permit requires facility operators to reduce or prevent
pollutants in storm water discharges and authorized non-storm 
water discharges through the development and implementation of 
BMPs which constitutes compliance with BAT and BCT and, in most 
cases, compliance with water quality standards.  If receiving
water quality standards are exceeded, facility operators are 
required to submit a written report providing additional BMPs
that will be implemented to achieve water quality standards. 
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Storm Water Pollution Prevention Plans (SWPPPs)


All facility operators must prepare, retain on site, and 
implement an SWPPP.  The SWPPP has two major objectives:  (1) to 
help identify the sources of pollution that affect the quality of 
industrial storm water discharges and authorized non-storm water 
discharges, and (2) to describe and ensure the implementation of 
BMPs to reduce or prevent pollutants in industrial storm water 
discharges and authorized non-storm water discharges. 


This General Permit requires development and implementation of an 
SWPPP emphasizing BMPs.  This approach provides the flexibility 
necessary to establish appropriate BMPs for different types of 
industrial activities and pollutant sources.  As this General 
Permit covers vastly different types of facilities, the State 
Water Board recognizes that there is no single best way of 
developing or organizing an SWPPP.  The SWPPP requirements 
contain the essential elements that all facility operators must 
consider and address in the SWPPP.  This General Permit's SWPPP 
requirements are more detailed than the previous general permit's 
SWPPP requirements, and the suggested order of the SWPPP elements 
have been rearranged (1) to correspond more closely with other 
storm water permits in effect throughout the country, and (2) to 
generally follow a more logical path.  Facility operators that 
have already developed and implemented SWPPPs under previous 
general permits are required to review the SWPPP's requirements 
contained in this General Permit and then review their existing 
SWPPP for adequacy.  If the existing SWPPP adequately identifies 
and assesses all potential sources of pollutants and describes 
the appropriate BMPs necessary to reduce or prevent pollutants, 
the facility operator is not required to revise the existing 
SWPPP.


One of the major elements of the SWPPP is the elimination of 
unauthorized non-storm water discharges to the facility's storm 
drain system.  Unauthorized non-storm water discharges can be 
generated from a wide variety of potential pollutant sources.
They include waters from the rinsing or washing of vehicles, 
equipment, buildings, or pavement; materials that have been 
improperly disposed of or dumped, and spilled; or leaked 
materials.  Unauthorized non-storm water discharges can 
contribute a significant pollutant load to receiving waters.
Measures to control spills, leakage, and dumping can often be 
addressed through BMPs.  Unauthorized non-storm water discharges
may enter the storm drain system via conveyances such as floor 
drains.  All conveyances should be evaluated to determine whether 
they convey unauthorized non-storm water discharges to the storm
drain system.  Unauthorized non-storm water discharges (even when 
commingled with storm water) shall be eliminated or covered by a 
separate NPDES Permit. 


There are many non-storm water discharges that, under certain 
conditions, should not contain pollutants associated with 







 -X- 


industrial activity (i.e., air conditioning condensate, potable 
water line testing, landscaping overflow, etc.).  Item D, Special 
Conditions, provides the conditions where certain listed non-
storm water discharges are authorized by this General Permit. 


Monitoring Program


The General Permit requires development and implementation of a 
monitoring program.  The objectives of the monitoring program are 
to (1) demonstrate compliance with the General Permit, (2) aid in 
the implementation of the SWPPP, and (3) measure the 
effectiveness of the BMPs in reducing or preventing pollutants in 
storm water discharges and authorized non-storm water discharges. 


All facility operators (with the exception of inactive mining 
operations) are required to: 


1. Perform visual observations of storm water discharges and 
authorized storm water discharges. 


2. Collect and analyze samples of storm water discharges.  
Analysis must include pH, total suspended solids (TSS), total 
organic carbon (TOC), specific conductance, toxic chemicals, 
and other pollutants which are likely to be present in storm 
water discharges in significant quantities, and those 
parameters listed in Table D of this General Permit.  The 
Table D parameters are those listed in the U.S. EPA Multi-
Sector General Permit.  Facility operators subject to Federal 
storm water effluent limitation guidelines in 40 CFR 
Subchapter N must also sample and analyze for any pollutant 
specified in the appropriate category of 40 CFR Subchapter N. 


Facility operators are not required to collect samples or perform 
visual observations during adverse climatic conditions.  Sample 
collection and visual observations are required only during 
scheduled facility operating hours.  Visual observations are 
required only during daylight hours.  Facility operators that are 
unable to collect any of the required samples or visual 
observations because of the above circumstances must provide 
documentation to the Regional Water Board in their annual report. 


Facility operators may be exempt from performing sampling and 
analysis if they:  (1) do not have areas of industrial activity 
exposed to storm water, (2) receive an exemption from a local 
agency which has jurisdiction over the storm sewer system, or
(3) receive an exemption from the appropriate Regional Water
Board.  Facility operators must always perform sampling and 
analysis for any pollutant specified in storm water effluent 
limitation guidelines. 


This General Permit contains a new procedure where facility 
operators, if they meet certain minimum conditions, may certify
compliance with the General Permit and reduce the number of 







 -XI- 


sampling events required to be sampled for the remaining term of 
the General Permit.  Each Regional Water Board may develop 
instructions, guidance, and checklists to assist facility 
operators to complete sampling reduction requests. 


Local agencies that wish to provide sampling and analysis 
exemptions or reductions to facility operators within their 
jurisdiction shall develop a certification program that clearly 
indicates the certification procedures and criteria used by the 
local agency.  At a minimum, these programs should include site 
inspections, a review of the facility operator's SWPPP, and a 
review of other records such as monitoring data, receiving water 
data, etc.  The certification program shall be approved by the 
local Regional Water Board before implementation. 


Alternative Monitoring


Facility operators are required to develop a facility-specific 
monitoring program that satisfies both the minimum monitoring 
program requirements and the objectives of the monitoring 
program.  Some facility operators have indicated that cost-
effective alternative monitoring programs can be developed that 
provide equivalent or more accurate indicators of pollutants 
and/or BMP performance than a monitoring program based upon the 
minimum monitoring program requirements.  An example of such an 
alternative monitoring program would be one that identifies 
sample locations at or near pollutant sources rather than 
sampling an entire drainage area where the storm water discharge 
has been diluted with storm water from areas with little or no 
industrial activity. 


The State Water Board does not want to preclude facility 
operators from developing better, and perhaps more cost-
effective, monitoring programs.  This General Permit allows 
facility operators to submit alternative monitoring programs for 
approval by the Regional Water Board.  For individual facilities, 
these proposals must be facility specific and demonstrate how the 
alternative monitoring program will result in an equivalent or 
more accurate indicator of pollutants and/or BMP effectiveness.
Facility operators with similar industrial activities may also 
propose alternative monitoring programs for approval by the 
Regional Water Boards.  These proposals must demonstrate how the 
alternative monitoring program will result in an equivalent or 
more accurate indicator of pollutants and/or BMP effectiveness 
for all of the participating facilities. 


Facility operators shall continue to comply with the existing 
monitoring program requirements until receiving approval by the 
Regional Water Board. 
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Group Monitoring


Each facility operator may either perform sampling and analysis 
individually or participate in a group monitoring program.  A 
group monitoring program may be developed either by a group 
leader representing a group of similar facilities or by a local 
agency which holds a storm water permit for a municipal separate 
storm sewer system for industrial facilities within its 
jurisdiction.  The group leader or local agency responsible for 
the group monitoring program must schedule all participating 
facilities to sample two storm events over the life of this 
General Permit.  Facility operators subject to Federal effluent 
limitations guidelines in 40 CFR Subchapter N must individually 
sample and analyze for pollutants listed in the appropriate 
Federal regulations. 


Participants within a group may be located within the 
jurisdiction of more than one Regional Water Board.  Multi-
Regional Water Board groups must receive the approval of the 
State Water Board Executive Director (with the concurrence of the 
appropriate Regional Water Boards).


Each group leader or local agency responsible for group sampling 
must: (1) provide guidance or training so that the monitoring is 
done correctly, (2) recommend appropriate BMPs to reduce or 
prevent pollutants in storm water discharges and authorized non-
storm water discharges from group participants, (3) evaluate and 
report the monitoring data to the State Water Board and/or the 
appropriate Regional Water Board(s), and (4) conduct two on-site 
inspections at each facility over the five year term of this 
General Permit to evaluate facility compliance and recommend BMPs 
to achieve compliance with this General Permit.  The group leader 
or local agency may designate, hire, or train inspectors to 
conduct these inspections that are or are not directly affiliated 
with the group leader or local agency.  It is the group leader's 
or local agency's responsibility to select inspectors that are 
capable of evaluating each facility's compliance with the General 
Permit and can recommend appropriate BMPs.  All group monitoring 
plans are subject to State Water Board and/or Regional Water 
Board(s) review.  Consistent with the four-tier permitting 
strategy described in the Federal regulations, the Regional Water 
Board(s) may evaluate the data and results from group monitoring 
to establish future permitting decisions.  As appropriate, the 
State Water Board and/or the Regional Water Board(s) may 
terminate or require substantial amendment to the group 
monitoring plans.  The State Water Board and/or the Regional 
Water Board(s) may terminate a facility's participation in group 
monitoring or require additional monitoring activities. 


Retention of Records
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The facility operator is required to retain records of all 
monitoring information, copies of all reports required by this 
General Permit, and records of all data used to complete the NOI 
for a period of five years from the date of measurement, report, 
or monitoring activity.  This period may be extended by the State 
and/or Regional Water Boards.  All records are public documents 
and must be provided to the Regional Water Boards on request.


Watershed Management


The State and Regional Water Boards are undertaking a focussed 
effort in watershed management throughout the State.  In 
reissuing this General Permit, the State Water Board recognizes 
both the evolving nature of watershed management and the long-
term desirability of structuring monitoring programs to support 
the Watershed Management Initiative.  Therefore, the amended 
monitoring and reporting provisions provide flexibility for 
individual facility operators or groups of facility operators to 
propose and participate in, subject to Regional Water Board 
approval, watershed monitoring programs in lieu of some or all of 
the monitoring requirements contained in this General Permit. 


Facility Operator Compliance Responsibilities


This General Permit has been written to encourage individual 
facility operators to develop their own SWPPP and monitoring 
programs.  Many facility operators, however, choose to obtain 
compliance assistance either by hiring a consultant on an 
individual basis or by participating in a group monitoring plan. 
Regardless of how a facility operator chooses to pursue 
compliance, it is the facility operator that is responsible for 
compliance with this General Permit.


The State Water Board recognizes that industrial activities and 
operating conditions at many facilities change over time.  In 
addition, new and more effective BMPs are being developed by 
various facility operators and by industrial groups.  The SWPPP 
and monitoring program requirements include various inspections, 
reviews, and observations all of which recognize, encourage, and 
mandate an iterative self-evaluation process that is necessary to 
consistently comply with this General Permit.  In general, 
facility operators that develop and implement SWPPPs that comply 
with this General Permit should not be penalized when discovering
minor violations through this iterative self-evaluation process. 
The General Permit provides facility operators up to 90 days to 
revise and implement the SWPPP to correct such violations.







 STATE WATER RESOURCES CONTROL BOARD (STATE WATER BOARD) 
 WATER QUALITY ORDER NO. 97-03-DWQ 
 NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) 
 GENERAL PERMIT NO. CAS000001 (GENERAL PERMIT) 


 WASTE DISCHARGE REQUIREMENTS (WDRS) 
 FOR 
 DISCHARGES OF STORM WATER ASSOCIATED WITH INDUSTRIAL ACTIVITIES 
 EXCLUDING CONSTRUCTION ACTIVITIES


The State Water Board finds that: 


1. Federal regulations for storm water discharges were issued 
by the U.S. Environmental Protection Agency (U.S. EPA) on


 November 16, 1990 (40 Code of Federal Regulations [CFR] 
Parts 122, 123, and 124).  The regulations require operators 
of specific categories of facilities where discharges of 
storm water associated with industrial activity (storm 
water) occur to obtain an NPDES permit and to implement Best 
Available Technology Economically Achievable (BAT) and Best 
Conventional Pollutant Control Technology (BCT) to reduce or 
prevent pollutants associated with industrial activity in 
storm water discharges and authorized non-storm discharges. 


2. This General Permit shall regulate storm water discharges 
and authorized non-storm water discharges from specific 
categories of industrial facilities identified in 
Attachment 1, storm water discharges and authorized non-
storm water discharges from facilities as designated by the 
Regional Water Quality Control Boards (Regional Water 
Boards), and storm water discharges and authorized non-storm 
water discharges from other facilities seeking General 
Permit coverage.  This General Permit may also regulate 
storm water discharges and authorized non-storm water 
discharges from facilities as required by U.S. EPA 
regulations.  This General Permit shall regulate storm water 
discharges and authorized non-storm water discharges 
previously regulated by San Francisco Bay Regional Water 
Board Order, No.92-11 (as amended by Order No. 92-116).
This General Permit excludes storm water discharges and non-
storm water discharges that are regulated by other 
individual or general NPDES permits, storm water discharges 
and non-storm water discharges from construction activities, 
and storm water discharges and non-storm water discharges 
excluded by the Regional Water Boards for coverage by this 
General Permit.  Attachment 2 contains the addresses and 
telephone numbers of each Regional Water Board office. 


3. To obtain coverage for storm water discharges and authorized 
non-storm water discharges pursuant to this General Permit, 
operators of facilities (facility operators) must submit a 
Notice of Intent (NOI), in accordance with the Attachment 3
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 instructions, and appropriate annual fee to the State Water 
Board.  This includes facility operators that have 
participated in U.S. EPA's group application process. 


4. This General Permit does not preempt or supersede the 
authority of local agencies to prohibit, restrict, or control 
storm water discharges and authorized non-storm water 
discharges to storm drain systems or other water-courses 
within their jurisdictions as allowed by State and Federal 
law.


5. If an individual NPDES permit is issued to a facility 
operator otherwise subject to this General Permit or an 
alternative NPDES general permit is subsequently adopted 
which covers storm water discharges and/or authorized non-
storm water discharges regulated by this General Permit, the 
applicability of this General Permit to such discharges is 
automatically terminated on the effective date of the 
individual NPDES permit or the date of approval for coverage 
under the subsequent NPDES general permit. 


6. Effluent limitations and toxic and effluent standards 
established in Sections 208(b), 301, 302, 303(d), 304, 306, 
307, and 403 of the Federal Clean Water Act (CWA), as 
amended, are applicable to storm water discharges and 
authorized non-storm water discharges regulated by this 
General Permit. 


7. This action to adopt an NPDES general permit is exempt from 
the provisions of the California Environmental Quality Act 
(Public Resources Code Section 21100, et seq.) in accordance 
with Section 13389 of the California Water Code. 


8. Federal regulations (40 CFR Subchapter N) establish effluent 
limitations guidelines for storm water discharges from some 
facilities in ten industrial categories. 


9. For facilities which do not have established effluent 
limitation guidelines for storm water discharges in 40 CFR 
Subchapter N, it is not feasible at this time to establish 
numeric effluent limitations.  This is due to the large 
number of discharges and the complex nature of storm water 
discharges.  This is also consistent with the U.S. EPA's 
August 1, 1996 "Interim Permitting Approach for Water Quality 
Based Effluent Limitations in Storm Water Permits." 


10. Facility operators are required to comply with the terms and 
conditions of this General Permit.  Compliance with the terms 
and conditions of this General Permit constitutes compliance 
with BAT/BCT requirements and with requirements to achieve 
water quality standards.  This includes the development and 
implementation of an effective Storm Water Pollution 
Prevention Plan (SWPPP) to reduce or prevent  pollutants 
associated with industrial activity in storm water discharges 
and authorized non-storm water discharges. 
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11. Best Management Practices (BMPs) to reduce or prevent 
pollutants associated with industrial activity in storm water 
discharges and authorized non-storm water discharges are 
appropriate where numeric effluent limitations are 
infeasible, and the implementation of BMPs is adequate to 
achieve compliance with BAT/BCT and with water quality 
standards.


12. The State Water Board has adopted a Watershed Management 
Initiative that encourages watershed management throughout 
the State.  This General Permit recognizes the Watershed 
Management Initiative by supporting the development of 
watershed monitoring programs authorized by the Regional 
Water Boards. 


13. Following adoption of this General Permit, the Regional Water 
Boards shall enforce its provisions.


14. Following public notice in accordance with State and Federal 
laws and regulations, the State Water Board held a public 
hearing on November 12, 1996 and heard and considered all 
comments pertaining to this General Permit.  A response to 
all significant comments has been prepared and is available 
for public review. 


 15. This Order is an NPDES General Permit in compliance with 
Section 402 of the CWA and shall take effect upon adoption by 
the State Water Board. 


16. All terms that are defined in the CWA, U.S. EPA storm water 
regulations and the Porter-Cologne Water Quality Control Act 
will have the same definition in this General Permit unless 
otherwise stated.


IT IS HEREBY ORDERED that all facility operators required to be 
regulated by this General Permit shall comply with the following: 


A. DISCHARGE PROHIBITIONS: 


1.   Except as allowed in Special Conditions (D.1.) of this 
General Permit, materials other than storm water (non-storm 
water discharges) that discharge either directly or 
indirectly to waters of the United States are prohibited.
Prohibited non-storm water discharges must be either 
eliminated or permitted by a separate NPDES permit. 


 2. Storm water discharges and authorized non-storm water 
discharges shall not cause or threaten to cause pollution, 
contamination, or nuisance. 


B.   EFFLUENT LIMITATIONS: 


 1. Storm water discharges from facilities subject to storm water 
effluent limitation guidelines in Federal regulations (40 CFR 
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Subchapter N) shall not exceed the specified effluent 
limitations.


 2. Storm water discharges and authorized non-storm water 
discharges regulated by this General Permit shall not contain 
a hazardous substance equal to or in excess of a reportable 
quantity listed in 40 CFR Part 117 and/or 40 CFR Part 302. 


 3. Facility operators covered by this General Permit must reduce 
or prevent pollutants associated with industrial activity in 
storm water discharges and authorized non-storm water 
discharges through implementation of BAT for toxic and non-
conventional pollutants and BCT for conventional pollutants. 
Development and implementation of an SWPPP that complies with 
the requirements in Section A of the General Permit and that 
includes BMPs that achieve BAT/BCT constitutes compliance 
with this requirement. 


    
C. RECEIVING WATER LIMITATIONS: 


  1. Storm water discharges and authorized non-storm water 
discharges to any surface or ground water shall not 
adversely impact human health or the environment. 


  2. Storm water discharges and authorized non-storm water 
discharges shall not cause or contribute to an 
exceedance of any applicable water quality standards 
contained in a Statewide Water Quality Control Plan or 
the applicable Regional Water Board's Basin Plan. 


 3. A facility operator will not be in violation of 
Receiving Water Limitation C.2. as long as the facility 
operator has implemented BMPs that achieve BAT/BCT and   


   the following procedure is followed: 


    a. The facility operator shall submit a report to the 
appropriate Regional Water Board that describes the 
BMPs that are currently being implemented and 
additional BMPs that will be implemented to prevent 
or reduce any pollutants that are causing or 
contributing to the exceedance of water quality


   standards.  The report shall include an 
implementation schedule.  The Regional Water Board 
may require modifications to the report. 


   b. Following approval of the report described above by 
the Regional Water Board, the facility operator 
shall revise its SWPPP and monitoring program to 
incorporate the additional BMPs that have been and 
will be implemented, the implementation schedule, 
and any additional monitoring required. 


  4. A facility operator shall be in violation of this General 
Permit if he/she fails to do any of the following: 
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    a. Submit the report described above within 60 days after 
either the facility operator or the Regional Water 
Board determines that discharges are causing or 
contributing to an exceedance of an applicable water 
quality standard; 


    
   b. Submit a report that is approved by the Regional 


 Water Board; or 
    
   c. Revise its SWPPP and monitoring program as  required


by the approved report. 


D. SPECIAL CONDITIONS 


 1. Non-Storm Water Discharges 


 a.  The following non-storm water discharges are  
authorized by this General Permit provided that they 
satisfy the conditions specified in Paragraph b. 
below:  fire hydrant flushing; potable water 
sources, including potable water related to the 
operation, maintenance, or testing of potable water 
systems; drinking fountain water; atmospheric 
condensates including refrigeration, air 
conditioning, and compressor condensate; irrigation 
drainage; landscape watering; springs; ground water; 
foundation or footing drainage; and sea water 
infiltration where the sea waters are discharged 
back into the sea water source. 


   b.  The non-storm water discharges as provided in 
Paragraph a. above are authorized by this General 
Permit if all the following conditions are met: 


         i. The non-storm water discharges are in 
 compliance with Regional Water Board 
 requirements. 


      ii. The non-storm water discharges are in 
 compliance with local agency ordinances 
 and/or requirements. 


    iii. BMPs are specifically included in the SWPPP 
 to (1) prevent or reduce the contact of non-
 storm water discharges with significant 
 materials or equipment and (2) minimize, to 
 the extent practicable, the flow or volume of 
 non-storm water discharges. 


     iv. The non-storm water discharges do not contain 
 significant quantities of pollutants. 


      v. The monitoring program includes quarterly 
visual observations of each non-storm water 
discharge and its sources to ensure that BMPs 
are being implemented and are effective. 
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       vi. The non-storm water discharges are reported 
and described annually as part of the annual 
report.


   c. The Regional Water Board or its designee may establish 
additional monitoring programs and reporting 
requirements for any non-storm water discharge 
authorized by this General Permit. 


   d. Discharges from firefighting activities are authorized 
by this General Permit and are not subject to the 
conditions of Paragraph b. above. 


E. PROVISIONS 


  1. All facility operators seeking coverage by this General 
Permit must submit an NOI for each of the facilities they 
operate.  Facility operators filing an NOI after the 
adoption of this General Permit shall use the NOI form and 
instructions (Attachment 3) attached to this General 
Permit.  Existing facility operators who have filed an NOI 
pursuant to State Water Board Order


   No. 91-013-DWQ (as amended by Order No. 92-12-DWQ) or  
   San Francisco Bay Regional Water Board Order No. 92-11 (as 


amended by Order No. 92-116) shall submit an abbreviated 
NOI form provided by the State Water Board.  The 
abbreviated NOI form shall be submitted within 45 days of 
receipt.


  2. Facility operators who have filed an NOI, pursuant to 
State Water Board Order No. 91-013-DWQ (as amended by 
Order No. 92-12-DWQ) or San Francisco Bay Regional Water 
Board Order No. 92-11 (as amended by Order No. 92-116), 
shall continue to implement their existing SWPPP and shall 
implement any necessary revisions to their SWPPP in 
accordance with Section A of this General Permit in a 
timely manner, but in no case later than August 1, 1997. 
Facility operators beginning industrial activities after 
adoption of this General Permit must develop and implement 
an SWPPP in accordance with Section A of this General 
Permit when the industrial activities begin.


  3. Facility operators who have filed an NOI, pursuant to 
State Water Board Order No. 91-013-DWQ (as amended by 
Order No. 92-12-DWQ) or San Francisco Bay Regional Water 
Board Order No. 92-11 (as amended by Order No. 92-116), 
shall continue to implement their existing Monitoring 
Program and shall implement any necessary revisions to 
their Monitoring Program in accordance with Section B of 
the General Permit in a timely manner, but in no case 
later than August 1, 1997.  Facility operators beginning 
industrial activities after adoption of this General 
Permit must develop and implement a Monitoring Program in 
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accordance with Section B of this General Permit when 
industrial activities begin. 


  4. Facility operators of feedlots as defined in 40 CFR  Part 
412 that are in full compliance with Section 2560 to 
Section 2565, Title 23, California Code of Regulations 
(Chapter 15) will be in compliance with all effluent 
limitations and prohibitions contained in this General 
Permit.  Facility operators of feedlots that comply with 
Chapter 15, however, must perform monitoring in compliance 
with the requirements of Section B.4.d. and B.14. of this 
General Permit.  Facility operators of feedlots must also 
comply with any Regional Water Board WDRs or NPDES general 
permit regulating their storm water discharges.


  5. All facility operators must comply with lawful 
requirements of municipalities, counties, drainage 
districts, and other local agencies regarding storm water 
discharges and non-storm water discharges entering  storm 
drain systems or other watercourses under their 
jurisdiction, including applicable requirements in 
municipal storm water management programs developed to 
comply with NPDES permits issued by the Regional Water 
Boards to local agencies. 


 6. All facility operators must comply with the standard 
provisions and reporting requirements for each facility 
covered by this General Permit contained in Section C,
Standard Provisions. 


 7. Facility operators that operate facilities with        
   co-located industrial activities (facilities that have 


industrial activities that meet more than one of the 
descriptions in Attachment 1) that are  contiguous to


   one another are authorized to file a single NOI to  
   comply with the General Permit.  Storm water discharges 


and authorized non-storm water discharges from the co-
located industrial activities are authorized if the SWPPP 
and Monitoring  Program addresses each co-located 
industrial activity. 


 8. Upon reissuance of a successor NPDES general permit by the 
State Water Board, the facility operators subject to this 
reissued General Permit may be required to file an NOI. 


 9. Facility operators may request to terminate their coverage 
under this General Permit by filing a Notice of 
Termination (NOT) with the Regional Water Board.  The NOT 
shall provide all documentation requested by the Regional 
Water Board.  The facility operator will be notified when 
the NOT has been approved.  Should the NOT be denied, 
facility operators are responsible for continued 
compliance with the requirements of this General Permit. 
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 10. Facility operators who have filed an NOI, pursuant to 
State Water Board Order No. 91-013-DWQ (as amended by 
Order No. 92-12) or San Francisco Bay Regional Water Board 
Order No. 92-11 (as amended by Order No. 92-116) shall: 


   
   a. Complete the 1996-97 activities required by those 


general permits.  These include, but are not limited 
to, conducting any remaining visual observations, 
sample collection, annual site inspection, annual 
report submittal, and (for group monitoring leaders) 
Group Evaluation Reports; and


   b. Comply with the requirements of this General Permit 
no later than August 1, 1997. 


 11. If the Regional Water Board determines that a discharge 
may be causing or contributing to an exceedance of any 
applicable water quality standards contained in a 
Statewide Water Quality Control Plan or the applicable 
Regional Water Board's Basin Plan, the Regional Water 
Board may order the facility operator to comply with the 
requirements described in Receiving Water


   Limitation C.3.  The facility operator shall comply with 
the requirements within the time schedule established by 
the Regional Water Board. 


 12. If the facility operator determines that its storm water 
discharges or authorized non-storm water discharges are 
causing or contributing to an exceedance of any 


   applicable water quality standards, the facility operator 
shall comply with the requirements described in Receiving 
Water Limitation C.3. 


 13. State Water Board Order No. 91-013-DWQ (as amended by 
Order No. 92-12-DWQ) and San Francisco Bay Regional Water 
Board Order No. 91-011 (as amended by Order


   No. 92-116) are hereby rescinded. 


F. REGIONAL WATER BOARD AUTHORITIES 


 1. Following adoption of this General Permit, Regional Water 
Boards shall: 


   a. Implement the provisions of this General Permit, 
including, but not limited to, reviewing SWPPPs, 
reviewing annual reports, conducting compliance 
inspections, and taking enforcement actions. 


   b. Issue other NPDES general permits or individual NPDES 
storm water permits as they deem appropriate to 
individual facility operators, facility operators of 
specific categories of industrial activities, or 
facility operators in a watershed or geographic area. 
Upon issuance of such NPDES permits by a Regional Water 
Board, the affected facility operator shall no longer 
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be regulated by this General Permit.  Any new NPDES 
permit issued by the Regional Water Board may contain 
different requirements than the requirements of this 
General Permit. 


 2. Regional Water Boards may provide guidance to facility 
operators on the SWPPP and the Monitoring Program and 
reporting implementation. 


 3. Regional Water Boards may require facility operators to 
conduct additional SWPPP and Monitoring Program and 
reporting activities necessary to achieve compliance with 
this General Permit. 


 4. Regional Water Boards may approve requests from facility 
operators whose facilities include co-located industrial 
activities that are not contiguous within the facilities
(e.g., some military bases) to comply with this General 
Permit under a single NOI.  Storm water discharges and 
authorized non-storm water discharges from the co-located 
industrial activities and from other sources within the 
facility that may generate significant quantities of 
pollutants are authorized provided the SWPPP and Monitoring 
Program addresses each co-located industrial activity and 
other sources that may generate significant quantities of 
pollutants.


CERTIFICATION


The undersigned, Administrative Assistant to the State Water 
Board, does hereby certify that the foregoing is a full, true, and 
correct copy of an order duly and regularly adopted at a meeting 
of the State Water Resources Control Board held on
April 17, 1997. 


AYE:  John P. Caffrey 
   John W. Brown 
   James M. Stubchaer 
   Marc Del Piero 
   Mary Jane Forster 


NO:      None 


ABSENT:  None 


ABSTAIN: None 


                                                
          Maureen Marché 
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                 Administrative Assistant to the Board 
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SECTION A:  STORM WATER POLLUTION PREVENTION PLAN REQUIREMENTS 


 1. Implementation Schedule


 A storm water pollution prevention plan (SWPPP) shall be 
developed and implemented for each facility covered by this 
General Permit in accordance with the following schedule. 


 a. Facility operators beginning industrial activities 
before October 1, 1992 shall develop and implement the 
SWPPP no later than October 1, 1992.  Facility operators 
beginning industrial activities after  October 1, 1992 
shall develop and implement the SWPPP when industrial 
activities begin.


 b. Existing facility operators that submitted a Notice of 
Intent (NOI), pursuant to State Water Resources Control 
Board (State Water Board) Order No. 91-013-DWQ (as 
amended by Order No. 92-12) or San Francisco Bay 
Regional Water Quality Control Board (Regional Water 
Board) Order No. 92-11 (as amended by Order


  No. 92-116), shall continue to implement their existing 
SWPPP and shall implement any necessary revisions to 
their SWPPP in a timely manner, but in no case later 
than August 1, 1997. 


 2. Objectives


 The SWPPP has two major objectives:  (a) to identify and 
evaluate sources of pollutants associated with industrial 
activities that may affect the quality of storm water 
discharges and authorized non-storm water discharges from


 the facility; and (b) to identify and implement site- 
specific best management practices (BMPs) to reduce or 
prevent pollutants associated with industrial activities in 
storm water discharges and authorized non-storm water 
discharges.  BMPs may include a variety of pollution 
prevention measures or other low-cost and pollution control 
measures.  They are generally categorized as non-structural 
BMPs (activity schedules, prohibitions of practices, 
maintenance procedures, and other low-cost measures) and as 
structural BMPs (treatment measures, run-off controls, over-
head coverage.)  To achieve these objectives, facility 
operators should consider the five phase process for SWPPP 
development and implementation as shown in Table A. 


 The SWPPP requirements are designed to be sufficiently 
flexible to meet the needs of various facilities.  SWPPP 
requirements that are not applicable to a facility should


 not be included in the SWPPP. 
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 A facility's SWPPP is a written document that shall contain  
 a compliance activity schedule, a description of industrial 


activities and pollutant sources, descriptions of BMPs, 
drawings, maps, and relevant copies or references of parts of 
other plans.  The SWPPP shall be revised whenever appropriate 
and shall be readily available for review by facility 
employees or Regional Water Board inspectors. 


 3. Planning and Organization


  a. Pollution Prevention Team


   The SWPPP shall identify a specific individual or 
individuals and their positions within the facility 
organization as members of a storm water pollution 
prevention team responsible for developing the SWPPP, 
assisting the facility manager in SWPPP implementation and 
revision, and conducting all monitoring program activities 
required in Section B of this General Permit.  The SWPPP 
shall clearly identify the General Permit related 
responsibilities, duties, and activities of each team 
member.  For small facilities, storm water pollution 
prevention teams may consist of one individual where 
appropriate.


  b. Review Other Requirements and Existing Facility Plans


   The SWPPP may incorporate or reference the appropriate 
elements of other regulatory requirements.  Facility 
operators should review all local, State, and Federal 
requirements that impact, complement, or are consistent 
with the requirements of this General Permit.  Facility 
operators should identify any existing facility plans that 
contain storm water pollutant control measures or relate to 
the requirements of this General Permit.  As examples, 
facility operators whose facilities are subject to Federal 
Spill Prevention Control and Countermeasures' requirements 
should already have instituted a plan to control spills of 
certain hazardous materials.  Similarly, facility operators 
whose facilities are subject to air quality related permits 
and regulations may already have evaluated industrial 
activities that generate dust or particulates. 


4. Site Map


  The SWPPP shall include a site map.  The site map shall be 
provided on an 8-½ x 11 inch or larger sheet and include 
notes, legends, and other data as appropriate to ensure that 
the site map is clear and understandable.  If necessary,
facility operators may provide the required information on 
multiple site maps. 


 TABLE A
 FIVE PHASES FOR DEVELOPING AND IMPLEMENTING INDUSTRIAL 
 STORM WATER POLLUTION PREVENTION PLANS
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 PLANNING AND ORGANIZATION


   *Form Pollution Prevention Team 
   *Review other plans 


 ASSESSMENT PHASE


      *Develop a site map 
      *Identify potential pollutant sources 
      *Inventory of materials and chemicals 
      *List significant spills and leaks 
      *Identify non-storm water discharges 
      *Assess pollutant Risks 


 BEST MANAGEMENT PRACTICES IDENTIFICATION PHASE


      *Non-structural BMPs 
      *Structural BMPs 
      *Select activity and site-specific BMPs 


IMPLEMENTATION PHASE


      *Train employees  
      *Implement BMPs 
      *Conduct recordkeeping and reporting 


 EVALUATION / MONITORING


  *Conduct annual site evaluation 
  *Review monitoring information 
  *Evaluate BMPs 
  *Review and revise SWPPP 


The following information shall be included on the site map: 


 a.  The facility boundaries; the outline of all storm water 
drainage areas within the facility boundaries; portions of 
the drainage area impacted by run-on from surrounding 
areas; and direction of flow of each drainage area,    on-
site surface water bodies, and areas of soil erosion. The 
map shall also identify nearby water bodies (such as 
rivers, lakes, and ponds) and municipal storm drain inlets 
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where the facility's storm water discharges and authorized 
non-storm water discharges may be received.


 b.  The location of the storm water collection and conveyance 
system, associated points of discharge, and direction of 
flow.  Include any structural control measures that affect 
storm water discharges, authorized non-storm water 
discharges, and run-on.  Examples of structural control 
measures are catch basins, berms, detention ponds, 
secondary containment, oil/water separators, diversion 
barriers, etc. 


 c.  An outline of all impervious areas of the facility, 
including paved areas, buildings, covered storage areas, 
or other roofed structures. 


 d.  Locations where materials are directly exposed to 
precipitation and the locations where significant spills 
or leaks identified in Section A.6.a.iv. below have 
occurred.


 e.  Areas of industrial activity.  This shall include the 
locations of all storage areas and storage tanks, shipping 
and receiving areas, fueling areas, vehicle and equipment 
storage/maintenance areas, material handling and 
processing areas, waste treatment and disposal areas, dust 
or particulate generating areas, cleaning and rinsing 
areas, and other areas of industrial activity which are 
potential pollutant sources. 


 5. List of Significant Materials 


 The SWPPP shall include a list of significant materials  
handled and stored at the site.  For each material on the 
list, describe the locations where the material is being 
stored, received, shipped, and handled, as well as the 
typical quantities and frequency.  Materials shall include 
raw materials, intermediate products, final or finished 
products, recycled materials, and waste or disposed 
materials.


 6. Description of Potential Pollutant Sources


  a. The SWPPP shall include a narrative description of the 
facility's industrial activities, as identified in Section 
A.4.e above, associated potential pollutant sources, and 
potential pollutants that could be discharged in storm 
water discharges or authorized non-storm water discharges. 
 At a minimum, the following items related to a facility's 
industrial activities shall be considered: 
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   i. Industrial Processes 


     Describe each industrial process, the type, 
characteristics, and quantity of significant


   materials used in or resulting from the process, and  
   a description of the manufacturing, cleaning,  
   rinsing, recycling, disposal, or other activities 


related to the process.  Where applicable, areas 
protected by containment structures and the 
corresponding containment capacity shall be described. 


   ii. Material Handling and Storage Areas 


   Describe each handling and storage area, type, 
characteristics, and quantity of significant materials 
handled or stored, description of the shipping, 
receiving, and loading procedures, and the spill or 
leak prevention and response procedures.  Where 
applicable, areas protected by containment structures 
and the corresponding containment capacity shall be 
described.


  iii. Dust and Particulate Generating Activities  


   Describe all industrial activities that generate dust 
or particulates that may be deposited within the 
facility's boundaries and identify their discharge 
locations; the characteristics of dust and particulate 
pollutants; the approximate quantity of  dust and 
particulate pollutants that may be deposited within 
the facility boundaries; and a description of the 
primary areas of the facility where dust and 
particulate pollutants would settle. 


   iv. Significant Spills and Leaks 


   Describe materials that have spilled or leaked in 
significant quantities in storm water discharges or 
non-storm water discharges since April 17, 1994.
Include toxic chemicals (listed in 40 CFR, Part 302)


   that have been discharged to storm water as reported 
on U.S. Environmental Protection Agency (U.S. EPA)
Form R, and oil and hazardous substances in excess of 
reportable quantities (see 40 Code of Federal 
Regulations [CFR], Parts 110, 117, and 302).


   The description shall include the type, 
characteristics, and approximate quantity of the 
material spilled or leaked, the cleanup or remedial 
actions that have occurred or are planned, the 
approximate remaining quantity of materials that may 
be exposed to storm water or non-storm water 
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discharges, and the preventative measures taken to 
ensure spill or leaks do not reoccur.  Such list


   shall be updated as appropriate during the term of 
this General Permit. 


  v. Non-Storm Water Discharges 


   Facility operators shall investigate the facility to 
identify all non-storm water discharges and their 
sources.  As part of this investigation, all drains 
(inlets and outlets) shall be evaluated to identify
whether they connect to the storm drain system. 


     
   All non-storm water discharges shall be described.  


This shall include the source, quantity, frequency, 
and characteristics of the non-storm water discharges 
and associated drainage area. 


   Non-storm water discharges that contain significant 
quantities of pollutants or that do not meet the 
conditions provided in Special Conditions D. are 
prohibited by this General Permit (Examples of 
prohibited non-storm water discharges are contact and 
non-contact cooling water, boiler blowdown, rinse 
water, wash water, etc.).  Non-storm water discharges 
that meet the conditions provided in Special


   Condition D. are authorized by this General Permit.  
The SWPPP must include BMPs to prevent or reduce 
contact of non-storm water discharges with


   significant materials or equipment.  


   vi. Soil Erosion 


   Describe the facility locations where soil erosion may 
occur as a result of industrial activity, storm water 
discharges associated with industrial activity, or 
authorized non-storm water discharges. 


 b. The SWPPP shall include a summary of all areas of 
industrial activities, potential pollutant sources, and 
potential pollutants.  This information should be 
summarized similar to Table B.  The last column of


  Table B, "Control Practices", should be completed in   
  accordance with Section A.8. below. 


 7. Assessment of Potential Pollutant Sources


  a. The SWPPP shall include a narrative assessment of all 
industrial activities and potential pollutant sources as 
described in A.6. above to determine: 


    
  i. Which areas of the facility are likely sources of  
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   pollutants in storm water discharges and authorized 
non-storm water discharges, and


  ii. Which pollutants are likely to be present in storm 
water discharges and authorized non-storm water 
discharges.  Facility operators shall consider and 
evaluate various factors when performing this 
assessment such as current storm water BMPs; 
quantities of significant materials handled, 
produced, stored, or disposed of; likelihood of 
exposure to storm water or authorized non-storm water 
discharges; history of spill or leaks; and run-on 
from outside sources. 


 b. Facility operators shall summarize the areas of the 
facility that are likely sources of pollutants and the 
corresponding pollutants that are likely to be present in 
storm water discharges and authorized non-storm water 
discharges.


  Facility operators are required to develop and implement 
additional BMPs as appropriate and necessary to prevent or 
reduce pollutants associated with each pollutant source.
The BMPs will be narratively described in Section 8 below. 


8. Storm Water Best Management Practices


 The SWPPP shall include a narrative description of the storm 
water BMPs to be implemented at the facility for each 
potential pollutant and its source identified in the site 
assessment phase (Sections A.6. and 7. above).  The BMPs 
shall be developed and implemented to reduce or prevent 
pollutants in storm water discharges and authorized non-storm 
water discharges.  Each pollutant and its source may require 
one or more BMPs.  Some BMPs may be implemented for multiple 
pollutants and their sources, while other BMPs will be 
implemented for a very specific pollutant and its source. 
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 The description of the BMPs shall identify the BMPs as  
 (1) existing BMPs, (2) existing BMPs to be revised and 
implemented, or (3) new BMPs to be implemented.  The description 
shall also include a discussion on the effectiveness of each BMP 
to reduce or prevent pollutants in storm water discharges and 
authorized non-storm water discharges.  The SWPPP shall provide 
a summary of all BMPs implemented for each pollutant source.
This information should be summarized similar to Table B. 


 Facility operators shall consider the following BMPs for 
implementation at the facility: 
   
 a. Non-Structural BMPs 


 Non-structural BMPs generally consist of processes, 
prohibitions, procedures, schedule of activities, etc., that 
prevent pollutants associated with industrial activity from 
contacting with storm water discharges and authorized non-
storm water discharges.  They are considered low technology, 
cost-effective measures.  Facility operators should consider 
all possible non-structural BMPs options before considering 
additional structural BMPs (see Section A.8.b. below). Below 
is a list of non-structural BMPs that should be considered: 


 i. Good Housekeeping 


  Good housekeeping generally consist of practical 
procedures to maintain a clean and orderly facility. 


    ii.  Preventive Maintenance 


   Preventive maintenance includes the regular  
   inspection and maintenance of structural storm water 


controls (catch basins, oil/water separators, etc.)
   as well as other facility equipment and systems. 


   iii.  Spill Response 


  This includes spill clean-up procedures and necessary 
clean-up equipment based upon the quantities and 
locations of significant materials that may spill or 
leak.


         
 iv.  Material Handling and Storage 


   This includes all procedures to minimize the  
   potential for spills and leaks and to minimize 


exposure of significant materials to storm water and 
authorized non-storm water discharges. 
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  v.  Employee Training 


   This includes training of personnel who are 
responsible for (1) implementing activities


   identified in the SWPPP, (2) conducting inspections, 
sampling, and visual observations, and (3) managing 
storm water. Training should address topics such as 
spill response, good housekeeping, and material 
handling procedures, and actions necessary to 
implement all BMPs identified in the SWPPP.  The


   SWPPP shall identify periodic dates for such  
   training. Records shall be maintained of all  
   training sessions held. 


 vi.  Waste Handling/Recycling  
     
   This includes the procedures or processes to handle, 


store, or dispose of waste materials or recyclable 
materials.


   vii.  Recordkeeping and Internal Reporting 


   This includes the procedures to ensure that all 
records of inspections, spills, maintenance 
activities, corrective actions, visual observations, 
etc., are developed, retained, and provided, as 
necessary, to the appropriate facility personnel. 


  viii.  Erosion Control and Site Stabilization 


   This includes a description of all sediment and 
erosion control activities.  This may include the 
planting and maintenance of vegetation, diversion of 
run-on and runoff, placement of sandbags, silt 
screens, or other sediment control devices, etc. 


    ix.  Inspections 


   This includes, in addition to the preventative 
maintenance inspections identified above, an 
inspection schedule of all potential pollutant 
sources.  Tracking and follow-up procedures shall be 
described to ensure adequate corrective actions are 
taken and SWPPPs are made. 


 x.  Quality Assurance 


   This includes the procedures to ensure that all 
elements of the SWPPP and Monitoring Program are 
adequately conducted. 







 -21- 


b. Structural BMPs 


    Where non-structural BMPs as identified in Section A.8.a. 
above are not effective, structural BMPs shall be 
considered.  Structural BMPs generally consist of 
structural devices that reduce or prevent pollutants in 
storm water discharges and authorized non-storm water 
discharges.  Below is a list of structural BMPs that 
should be considered: 


  i.  Overhead Coverage 


     This includes structures that provide horizontal 
coverage of materials, chemicals, and pollutant 
sources from contact with storm water and authorized 
non-storm water discharges. 


  ii. Retention Ponds 


     This includes basins, ponds, surface impoundments, 
bermed areas, etc. that do not allow storm water to 
discharge from the facility. 


  iii. Control Devices 


     This includes berms or other devices that channel or 
route run-on and runoff away from pollutant sources. 


  iv. Secondary Containment Structures 


     This generally includes containment structures 
around storage tanks and other areas for the purpose 
of collecting any leaks or spills. 


   v. Treatment 


     This includes inlet controls, infiltration devices, 
oil/water separators, detention ponds, vegetative 
swales, etc. that reduce the pollutants in storm 
water discharges and authorized non-storm water 
discharges.


9.   Annual Comprehensive Site Compliance Evaluation


   The facility operator shall conduct one comprehensive site 
compliance evaluation (evaluation) in each reporting


   period (July 1-June 30).  Evaluations shall be conducted 
within 8-16 months of each other.  The SWPPP shall be 
revised, as appropriate, and the revisions implemented 
within 90 days of the evaluation.  Evaluations shall


   include the following: 
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   a. A review of all visual observation records, inspection 
records, and sampling and analysis results. 


   b. A visual inspection of all potential pollutant sources 
for evidence of, or the potential for, pollutants 
entering the drainage system.


   c. A review and evaluation of all BMPs (both structural 
and non-structural) to determine whether the BMPs are 
adequate, properly implemented and maintained, or 
whether additional BMPs are needed.  A visual 
inspection of equipment needed to implement the SWPPP, 
such as spill response equipment, shall be included. 


   d. An evaluation report that includes, (i) identification 
of personnel performing the evaluation, (ii) the 
date(s) of the evaluation, (iii) necessary SWPPP 
revisions, (iv) schedule, as required in Section 
A.10.e, for implementing SWPPP revisions, (v) any 
incidents of non-compliance and the corrective actions 
taken, and (vi) a certification that the facility 
operator is in compliance with this General Permit.  If 
the above certification cannot be provided, explain in 
the evaluation report why the facility operator is not 
in compliance with this General Permit.  The evaluation 
report shall be submitted as part of the annual report, 
retained  for at least five years, and signed and 
certified in accordance with Standard Provisions 9. and 
10. of Section C. of this General Permit. 


10. SWPPP General Requirements


  a. The SWPPP shall be retained on site and made available 
upon request of a representative of the Regional Water 
Board and/or local storm water management agency


   (local agency) which receives the storm water 
discharges.


 b. The Regional Water Board and/or local agency may   
  notify the facility operator when the SWPPP does not 


meet one or more of the minimum requirements of this 
Section.  As requested by the Regional Water Board 
and/or local agency, the facility operator shall


  submit an SWPPP revision and implementation schedule 
that meets the minimum requirements of this section to 
the Regional Water Board and/or local agency that 
requested the SWPPP revisions.  Within 14 days after 
implementing the required SWPPP revisions, the


  facility operator shall provide written certification 
to the Regional Water Board and/or local agency that 
the revisions have been implemented. 
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  c. The SWPPP shall be revised, as appropriate, and 
implemented prior to changes in industrial activities 
which (i) may significantly increase the quantities of 
pollutants in storm water discharge, (ii) cause a new 
area of industrial activity at the facility to be 
exposed to storm water, or (iii) begin an industrial 
activity which would introduce a new pollutant source 
at the facility.


  d. Other than as provided in Provisions B.11, B.12, and 
E.2 of the General Permit, the SWPPP shall be revised 
and implemented in a timely manner, but in no case


   more than 90 days after a facility operator determines 
that the SWPPP is in violation of any requirement(s)


   of this General Permit. 


  e. When any part of the SWPPP is infeasible to implement 
by the deadlines specified in Provision E.2 or


    Sections A.1, A.9, A.10.c, and A.10.d of this General 
Permit due to proposed significant structural changes, 
the facility operator shall submit a report to the 
Regional Water Board prior to the applicable deadline 
that (i) describes the portion of the SWPPP that is 
infeasible to implement by the deadline, (ii) provides 
justification for a time extension, (iii) provides a 
schedule for completing and implementing that portion 
of the SWPPP, and (iv) describes the BMPs that will be 
implemented in the interim period to reduce or prevent 
pollutants in storm water discharges and authorized 
non-storm water discharges.  Such reports are subject 
to Regional Water Board approval and/or modifications. 
Facility operators shall provide written notification 
to the Regional Water Board within 14 days after the 
SWPPP revisions are implemented. 


   
  f. The SWPPP shall be provided, upon request, to the 


Regional Water Board.  The SWPPP is considered a
   report that shall be available to the public by the 


Regional Water Board under Section 308(b) of the Clean 
Water Act. 
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SECTION B.  MONITORING PROGRAM AND REPORTING REQUIREMENTS 


1. Implementation Schedule


 Each facility operator shall develop a written monitoring 
program for each facility covered by this General Permit in 
accordance with the following schedule: 


 a. Facility operators beginning industrial activities before 
October 1, 1992 shall develop and implement a monitoring 
program no later than October 1, 1992.  Facility


   operators beginning operations after October 1, 1992  
   shall develop and implement a monitoring program when the 


industrial activities begin. 


 b. Facility operators that submitted a Notice Of Intent  
   (NOI) pursuant to State Water Resources Control Board 


(State Water Board) Order No. 91-013-DWQ (as amended by 
Order No. 92-12) or San Francisco Bay Regional Water 
Quality Control Board (Regional Water Board) Order


   No. 92-11 (as amended by Order No. 92-116), shall  
   continue to implement their existing monitoring program  
   and implement any necessary revisions to their monitoring 


program in a timely manner, but in no case later than 
August 1, 1997.  These facility operators may use the 
monitoring results conducted in accordance with those 
expired general permits to satisfy the


   pollutant/parameter reduction requirements in Section 
B.5.c., Sampling and Analysis Exemptions and Reduction 
certifications in Section B.12., and Group Monitoring 
Sampling credits in B.15.k.  For facilities beginning 
industrial activities after the adoption of this General 
Permit, the monitoring program shall be developed and 
implemented when the facility begins the industrial 
activities.


2. Objectives


 The objectives of the monitoring program are to: 


 a. Ensure that storm water discharges are in compliance with 
the Discharge Prohibitions, Effluent Limitations, and 
Receiving Water Limitations specified in this General 
Permit.


 b. Ensure practices at the facility to reduce or prevent 
pollutants in storm water discharges and authorized non-
storm water discharges are evaluated and revised to meet 
changing conditions. 


 c. Aid in the implementation and revision of the SWPPP 
required by Section A of this General Permit. 


 d. Measure the effectiveness of best management practices 
(BMPs) to prevent or reduce pollutants in storm water 
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discharges and authorized non-storm water discharges.
Much of the information necessary to develop the 
monitoring program, such as discharge locations, drainage 
areas, pollutant sources, etc., should be found in the 
Storm Water Pollution Prevention Plan (SWPPP).  The 
facility's monitoring program shall be a written, site-
specific document that shall be revised whenever 
appropriate and be readily available for review by 
employees or Regional Water Board inspectors. 


3. Non-storm Water Discharge Visual Observations


 a. Facility operators shall visually observe all drainage 
areas within their facilities for the presence of 
unauthorized non-storm water discharges;


 b. Facility operators shall visually observe the 
facility's authorized non-storm water discharges and 
their sources; 


 c. The visual observations required above shall occur 
quarterly, during daylight hours, on days with no storm 
water discharges, and during scheduled facility 
operating hours1.  Quarterly visual observations shall 
be conducted in each of the following periods:
January-March, April-June, July-September, and October-
December.  Facility operators shall conduct quarterly 
visual observations within 6-18 weeks of each other.


 d. Visual observations shall document the presence of any 
discolorations, stains, odors, floating materials, 
etc., as well as the source of any discharge.  Records 
shall be maintained of the visual observation dates, 
locations observed, observations, and response taken to 
eliminate unauthorized non-storm water discharges and 
to reduce or prevent pollutants from contacting non-
storm water discharges.  The SWPPP shall be revised, as 
necessary, and implemented in accordance with Section A 
of this General Permit. 


4. Storm Water Discharge Visual Observations


 a. With the exception of those facilities described in 
Section B.4.d. below, facility operators shall visually 


1  "Scheduled facility operating hours" are the time 
periods when the facility is staffed to conduct any 
function related to industrial activity, but excluding 
time periods where only routine maintenance, emergency 
response, security, and/or janitorial services are 
performed.
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observe storm water discharges from one storm event per 
month during the wet season (October 1-May 30).  These 
visual observations shall occur during the first hour of 
discharge and at all discharge locations.  Visual 
observations of stored or contained storm water shall 
occur at the time of release. 


 b. Visual observations are only required of storm water 
discharges that occur during daylight hours that are 
preceded by at least three (3) working days2 without


  storm water discharges and that occur during scheduled 
facility operating hours. 


 c. Visual observations shall document the presence of any 
floating and suspended material, oil and grease, 
discolorations, turbidity, odor, and source of any 
pollutants.  Records shall be maintained of observation 
dates, locations observed, observations, and response 
taken to reduce or prevent pollutants in storm water 
discharges.  The SWPPP shall be revised, as necessary, 
and implemented in accordance with Section A of this 
General Permit. 


 d. Feedlots (subject to Federal effluent limitations 
guidelines in 40 Code of Federal Regulations [CFR]
Part 412) that are in compliance with Sections 2560 to 
2565, Article 6, Chapter 15, Title 23, California Code of 
Regulations, and facility operators with storm water 
containment facilities shall conduct monthly inspections 
of their containment areas to detect leaks and ensure 
maintenance of adequate freeboard.  Records shall be 
maintained of the inspection dates, observations, and any 
response taken to eliminate leaks and to maintain 
adequate freeboard. 


 5. Sampling and Analysis


 a. Facility operators shall collect storm water samples 
during the first hour of discharge from (1) the first 
storm event of the wet season, and (2) at least one other 
storm event in the wet season.  All storm water discharge 
locations shall be sampled.  Sampling of stored or 
contained storm water shall occur at the time the stored 
or contained storm water is released.  Facility operators 
that do not collect samples from the first storm event of 
the wet season are still required to collect samples from 
two other storm events of the wet season and shall 
explain in the Annual Report why the first storm event 
was not sampled.


2 Three (3) working days may be separated by non-working 
days such as weekends and holidays provided that no storm 
water discharges occur during the three (3) working days 
and the non-working days. 
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 b. Sample collection is only required of storm water 
discharges that occur during scheduled facility operating 
hours and that are preceded by at least (3) three working 
days without storm water discharge. 


 c. The samples shall be analyzed for: 


    i. Total suspended solids (TSS) pH, specific 
conductance, and total organic carbon (TOC).  Oil 
and grease (O&G) may be substituted for TOC; and 


    ii. Toxic chemicals and other pollutants that are likely 
to be present in storm water discharges in 
significant quantities.  If these pollutants are not 
detected in significant quantities after two 
consecutive sampling events, the facility operator 
may eliminate the pollutant from future sample 
analysis until the pollutant is likely to be present 
again; and 


    iii.  Other analytical parameters as listed in Table D 
(located at the end of this Section).  These 
parameters are dependent on the facility's standard 
industrial classification (SIC) code.  Facility 
operators are not required to analyze a parameter 
listed in Table D when the parameter is not already 
required to be analyzed pursuant to Section B.5.c.i. 
and ii. or B.6 of this General Permit, and either of 
the two following conditions are met: (1) the 
parameter has not been detected in significant 
quantities from the last two consecutive sampling 
events, or (2) the parameter is not likely to be 
present in storm water discharges and authorized 
non-storm water discharges in significant quantities 
based upon the facility operator's evaluation of the 
facilities industrial activities, potential 
pollutant sources, and SWPPP.  Facility operators 
that do not analyze for the applicable Table D 
parameters shall certify in the Annual Report that 
the above conditions have been satisfied. 


     iv. Other parameters as required by the Regional Water 
Board.


 6. Facilities Subject to Federal Storm Water Effluent 
Limitation Guidelines


   Facility operators with facilities subject to Federal storm 
water effluent limitation guidelines, in addition to the 
requirements in Section B.5. above, must complete the 
following:
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   a. Collect and analyze two samples for any pollutant 
specified in the appropriate category of 40 CFR
Subchapter N.  The sampling and analysis exemptions and 
reductions described in Section B.12. of this General 
Permit do not apply to these pollutants. 


   b.  Estimate or calculate the volume of storm water 
discharges from each drainage area; 


   c. Estimate or calculate the mass of each regulated        
pollutant as defined in the appropriate category of
40 CFR Subchapter N; and 


   d. Identify the individual(s) performing the estimates or   
calculations in accordance with Subsections b. and c. 
above.


 7. Sample Storm Water Discharge Locations


     a. Facility operators shall visually observe and collect 
samples of storm water discharges from all drainage 
areas that represent the quality and quantity of the 
facility's storm water discharges from the storm event.


 b. If the facility's storm water discharges are commingled 
with run-on from surrounding areas, the facility 
operator should identify  other visual observation and 
sample collection locations that have not been 
commingled by run-on and that represent the quality and 
quantity of the facility's storm water discharges from 
the storm event. 


 c. If visual observation and sample collection locations 
are difficult to observe or sample (e.g., sheet flow, 
submerged outfalls), facility operators shall identify 
and collect samples from other locations that represent 
the quality and quantity of the facility's storm water 
discharges from the storm event. 


 d. Facility operators that determine that the industrial 
activities and BMPs within two or more drainage areas 
are substantially identical may either (i) collect 
samples from a reduced number of substantially identical


  drainage areas, or (ii) collect samples from each 
substantially identical drainage area and analyze a 
combined sample from each substantially identical 
drainage area.  Facility operators must document such a 
determination in the annual report. 


8. Visual Observation and Sample Collection Exceptions


 Facility operators are required to be prepared to collect 
samples and conduct visual observations at the beginning of 
the wet season (October 1) and throughout the wet season 
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until the minimum requirements of Sections B.4. and B.5. are 
completed with the following exceptions:


 a. A facility operator is not required to collect a sample 
and conduct visual observations in accordance with 
Section B.4 and Section B.5 due to dangerous weather 
conditions, such as flooding, electrical storm, etc., 
when storm water discharges begin after scheduled 
facility operating hours or when storm water discharges 
are not preceded by three working days without 
discharge.  Visual observations are only required


  during daylight hours.  Facility operators that do not 
collect the required samples or visual observations 
during a wet season due to these exceptions shall 
include an explanation in the Annual Report why the 
sampling or visual observations could not be conducted. 


 b. A facility operator may conduct visual observations and 
sample collection more than one hour after discharge 
begins if the facility operator determines that the 
objectives of this Section will be better satisfied.
The facility operator shall include an explanation in 
the Annual Report why the visual observations and sample 
collection should be conducted after the first


  hour of discharge. 


9. Alternative Monitoring Procedures


 Facility operators may propose an alternative monitoring 
program that meets Section B.2 monitoring program objectives 
for approval by the Regional Water Board.  Facility 
operators shall continue to comply with the monitoring 
requirements of this Section and may not implement an 
alternative monitoring plan until the alternative monitoring 
plan is approved by the Regional Water Board.  Alternative 
monitoring plans are subject to modification by the Regional 
Water Boards. 


10. Monitoring Methods


 a. Facility operators shall explain how the facility's 
monitoring program will satisfy the monitoring program 
objectives of Section B.2.  This shall include: 


   
   i. Rationale and description of the visual observation 


methods, location, and frequency. 


   ii. Rationale and description of the sampling methods, 
location, and frequency; and 
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   iii. Identification of the analytical methods and 
corresponding method detection limits used to 
detect pollutants in storm water discharges.  This 
shall include justification that the method 
detection limits are adequate to satisfy the 
objectives of the monitoring program. 


 b. All sampling and sample preservation shall be in 
accordance with the current edition of "Standard Methods 
for the Examination of Water and Wastewater" (American 
Public Health Association).  All monitoring instruments 
and equipment (including a facility operator's own field 
instruments for measuring pH and Electro Conductivity) 
shall be calibrated and maintained in accordance with 
manufacturers' specifications to ensure accurate 
measurements.  All laboratory analyses must be conducted 
according to test procedures under 40 CFR Part 136, 
unless other test procedures have been specified in this 
General Permit or by the Regional Water Board.  All 
metals shall be reported as  total metals.  With the 
exception of analysis conducted by facility operators, 
all laboratory analyses shall be conducted at a 
laboratory certified for such analyses by the State 
Department of Health Services.  Facility operators may 
conduct their own sample analyses if the facility 
operator has sufficient capability (qualified employees, 
laboratory equipment, etc.) to adequately perform the 
test procedures. 
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11. Inactive Mining Operations
 Inactive mining operations are defined in Attachment 1 of 


this General Permit.  Where comprehensive site compliance 
evaluations, non-storm water discharge visual observations, 
storm water discharge visual observations, and storm water 
sampling are impracticable, facility operators of inactive 
mining operations may instead obtain certification once 
every three years by a Registered Professional Engineer that 
an SWPPP has been prepared for the facility and is being 
implemented in accordance with the requirements of this 
General Permit.  By means of these certifications, the 


 Registered Professional Engineer having examined the 
facility and being familiar with the provisions of this 
General Permit shall attest that the SWPPP has been prepared 
in accordance with good engineering practices.  Facility 
operators of mining operations who cannot obtain a 
certification because of noncompliance must notify the 
appropriate Regional Water Board and, upon request, the 
local agency which receives the storm water discharge. 


12. Sampling and Analysis Exemptions and Reductions


 A facility operator who qualifies for sampling and analysis 
exemptions, as described below in Section B.12.a.i., or who 
qualifies for reduced sampling and analysis, as described 
below in Section B.12.b., must submit the appropriate 
certifications and required documentation to the Regional 
Water Boards prior to the wet season (October 1) and 
recertify as part of the Annual Report submittal.  A 
facility operator that qualifies for either the Regional 
Water Board or local agency certification programs, as 
described below in Section B.12.a.ii. and iii., shall submit 
certification and documentation in accordance with the 
requirements of those programs.  Facility operators who 
provide certifications in accordance with this Section are 
still required to comply with all other monitoring program 
and reporting requirements.  Facility operators shall 
prepare and submit their certifications using forms and 
instructions provided by the State Water Board, Regional 
Water Board, or local agency or shall submit their 
information on a form that contains equivalent information. 
Facility operators whose facility no longer meets the 
certification conditions must notify the Regional Water 
Boards (and local agency) within 30 days and immediately 
comply with the Section B.5. sampling and analysis 
requirements.  Should a Regional Water Board (or local 
agency) determine that a certification does not meet the 
conditions set forth below, facility operators must 
immediately comply with the Section B.5. sampling and 
analysis requirements. 


a. Sampling and Analysis Exemptions 
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   A facility operator is not required to collect and 
analyze samples in accordance with Section B.5. if the
facility operator meets all of the conditions of one of 
the following certification programs: 


    i. No Exposure Certification (NEC) 


      This exemption is designed primarily for those 
facilities where all industrial activities are 
conducted inside buildings and where all materials 
stored and handled are not exposed to storm water. 


      To qualify for this exemption, facility operators 
must certify that their facilities meet all of the 
following conditions: 


      
      (1) All prohibited non-storm water discharges have 


been eliminated or otherwise permitted. 


      (2)  All authorized non-storm water discharges have 
been identified and addressed in the SWPPP. 


      (3) All areas of past exposure have been inspected 
and cleaned, as appropriate. 


      (4) All significant materials related to industrial 
activity (including waste materials) are not 
exposed to storm water or authorized non-storm 
water discharges. 


      (5) All industrial activities and industrial 
equipment are not exposed to storm water or 
authorized non-storm water discharges. 


      (6) There is no exposure of storm water to 
significant materials associated with 
industrial activity through other direct or 
indirect pathways such as from industrial 
activities that generate dust and particulates. 


      (7)  There is periodic re-evaluation of the facility 
to ensure conditions (1), (2), (4), (5), and 
(6) above are continuously met.  At a minimum, 
re-evaluation shall be conducted once a year.


    ii. Regional Water Board Certification Programs 


      The Regional Water Board may grant an exemption to 
the Section B.5. Sampling and Analysis Requirements 
if it determines a facility operator has met the 
conditions set forth in a Regional Water Board 
certification program.  Regional Water Board 
certification programs may include conditions to


      (1) exempt facility operators whose facilities 
infrequently discharge storm water to waters of the 
United States, and (2) exempt facility operators 
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that demonstrate compliance with the terms and 
conditions of this General Permit. 


    iii. Local Agency Certifications 


      A local agency may develop a local agency 
certification program.  Such programs must be 
approved by the Regional Water Board.  An approved 
local agency program may either grant an exemption 


      
      from the Section B.5. Sampling and Analysis  
      Requirements or reduce the frequency of sampling if  
      it determines that a facility operator has  
      demonstrated compliance with the terms and  
      conditions of this General Permit. 


   b. Sampling and Analysis Reduction 


     i.  A facility operator may reduce the number of  
       sampling events required to be sampled for the remaining 


term of this General Permit if the
       facility operator provides certification that the 


following conditions have been met: 


      (1) The facility operator has collected and  
       analyzed samples from a minimum of six storm events 


from all required drainage areas; 


       (2) All prohibited non-storm water discharges have been 
eliminated or otherwise permitted; 


       (3) The facility operator demonstrates compliance  
        with the terms and conditions of the General Permit 


for the previous two years (i.e.,
        completed Annual Reports, performed visual 


observations, implemented appropriate BMPs,
        etc.); 


       (4) The facility operator demonstrates that the 
facility's storm water discharges and


        authorized non-storm water discharges do not 
contain significant quantities of pollutants;


        and 


       (5) Conditions (2), (3), and (4) above are expected  
        to remain in effect for a minimum of one year after 


filing the certification. 


    ii. Unless otherwise instructed by the Regional Water Board, 
facility operators shall collect and analyze samples 
from two additional storm events (or one additional 
storm event when certification filed for the wet season 
beginning October 1, 2001) during the remaining term of 
this General Permit in accordance with Table C below.
Facility operators shall collect samples of the first 
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storm event of the wet season.  Facility operators that 
do not collect samples from the first storm event of the 
wet season shall collect samples from another storm 
event during the same wet season.  Facility operators 
that do not collect a sample in a required wet season 
shall collect the sample from another storm event in the 
next wet season. Facility operators shall explain in the 
Annual Report why the first storm event of a wet season 
was not sampled or a sample was not taken from any storm 
event in accordance with the Table C schedule. 


 Table C 
 REDUCED MONITORING SAMPLING SCHEDULE


Facility Operator 
Filing Sampling 
Reduction
Certification By


Samples Shall be Collected and Analyzed 
in These Wet Seasons 


 Sample 1 Sample 2 


Oct. 1, 1997 Oct. 1, 1997-May 31, 1998 Oct. 1, 1999-May 31, 2000 


Oct. 1, 1998 Oct. 1, 1998-May 31, 1999 Oct. 1, 2000-May 31, 2001 


Oct. 1, 1999 Oct. 1, 1999-May 31, 2000 Oct. 1, 2001-May 31, 2002 


Oct. 1, 2000 Oct. 1, 2000-May 31, 2001 Oct. 1, 2001-May 31, 2002 


Oct. 1, 2001 Oct. 1, 2001-May 31, 2002 - 


13. Records


  Records of all storm water monitoring information and copies 
of all reports (including the Annual Reports) required by 
this General Permit shall be retained for a period of at 
least five years.  These records shall include: 


  a. The date, place, and time of site inspections, sampling, 
visual observations, and/or measurements; 


  b. The individual(s) who performed the site inspections, 
sampling, visual observations, and or measurements; 


  c. Flow measurements or estimates (if required by  
    Section B.6); 


  d. The date and approximate time of analyses; 


  e. The individual(s) who performed the analyses; 


  f. Analytical results, method detection limits, and the 
analytical techniques or methods used; 


  g. Quality assurance/quality control records and results; 
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  h. Non-storm water discharge inspections and visual 
observations and storm water discharge visual observation 
records (see Sections B.3. and 4.); 


  i. Visual observation and sample collection exception records 
(see Section B.5.a, 7.d, 8, and 12.b.ii.); 


  j. All calibration and maintenance records of on-site 
instruments used;


  k. All Sampling and Analysis Exemption and Reduction 
certifications and supporting documentation (see


   Section B.12); 


   l. The records of any corrective actions and follow-up 
 activities that resulted from the visual observations. 


14.  Annual Report


   All facility operators shall submit an Annual Report by   
  July 1 of each year to the Executive Officer of the Regional 


Water Board responsible for the area in which the facility 
is located and to the local agency (if requested). 


   The report shall include a summary of visual observations  
  and sampling results, an evaluation of the visual  
  observation and sampling and analysis results, laboratory 


reports, the Annual Comprehensive Site Compliance
  Evaluation Report required in Section A.9., an explanation  
  of why a facility did not implement any activities required  
  by the General Permit (if not already included in the 


Evaluation Report), and records specified in Section B.13.i. 
The method detection limit of each analytical parameter


  shall be included.  Analytical results that are less than  
  the method detection limit shall be reported as "less than 


the method detection limit."  The Annual Report shall be 
signed and certified in accordance with Standard
Provisions 9. and 10. of Section C of this General Permit.
Facility operators shall prepare and submit their Annual 
Reports using the annual report forms provided by the State 
Water Board or Regional Water Board or shall submit their 
information on a form that contains equivalent information. 


15.  Group Monitoring


   Facility operators may participate in group monitoring as 
described below.  A facility operator that participates in 
group monitoring shall develop and implement a written site- 
specific SWPPP and monitoring program in accordance with the 
General Permit and must satisfy any group monitoring 
requirements.  Group monitoring shall be subject to the 
following requirements: 


   a.  A group monitoring plan (GMP) shall be developed and 
implemented by a group leader representing a group of 
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similar facility operators regulated by this General 
Permit or by a local agency which holds an NPDES permit 


    (local agency permittee) for a municipal separate storm 
sewer system.  GMPs with participants that discharge 
storm water within the boundaries of a single Regional


    Water Board shall be approved by that Regional Water  
    Board. GMPs with participants that discharge storm water 


within the boundaries of multiple Regional Water Boards 
shall be approved by the State Water Board.  The State


    Water Board and/or Regional Water Board(s) may disapprove  
    a facility's participation in a GMP or require a GMP 


participant to conduct additional monitoring activities. 


 b.  Each GMP participant shall collect and analyze samples 
from at least two storm events in accordance with Section 
B.5. over the five-year period of this General Permit.
The two storm event minimum applies to new and existing 
members.  The group leader or local agency permittee 
shall schedule sampling to meet the following conditions: 
(i) to evenly distribute the sample collection over the 
five-year term of this General Permit, and (ii) to 
collect samples from the two storm events at each 
participant's facility in different and non-consecutive 
wet seasons.  New participants who join in Years 4 and 5 
of this General Permit are not subject to Condition (ii) 
above.  Group leaders shall explain in the annual Group 
Evaluation Report why any scheduled samples were not 
collected and reschedule the sampling so that all 
required samples are collected during the term of this 
General Permit. 


 c.   The group leader or local agency permittee must have the 
appropriate resources to develop and implement the GMP.


    The group leader or local agency permittee must also have 
the authority to terminate any participant who is not 
complying with this General Permit and the GMP.


 d.  The group leader or local agency permittee is responsible 
for:


    i.  Developing, implementing, and revising the GMP; 


    ii. Developing and submitting an annual Group Evaluation 
Report to the State Water Board and/or Regional 
Water Board by August 1 of each year that includes: 


     
       (1) An evaluation and summary of all group         


monitoring data, 


       (2) An evaluation of the overall performance of the 
GMP participants in complying with this General 
Permit and the GMP, 
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(3) Recommended baseline and site-specific BMPs  
that should be considered by each participant 
based upon Items (1) and (2) above, and 


(4) A copy of each evaluation report and 
recommended BMPs as required in Section 
B.15.d.v. below. 


   iii. Recommending appropriate BMPs to reduce or prevent 
pollutants associated with industrial activities in 
storm water discharges and authorized non-storm 
water discharges; 


    iv. Assisting each participant in completing their 
Annual Comprehensive Site Compliance Evaluation and 
Annual Report; 


     v. Conducting a minimum of two on-site inspections of 
each participant's facility (it is recommended that 
these inspections be scheduled during the Annual 
Comprehensive Site Compliance Evaluation) during the 
term of this General Permit to evaluate the 
participant's compliance with this General Permit 
and the GMP, and to recommend any additional BMPs 
necessary to achieve compliance with this General 
Permit.  Participants that join in Years 4 and 5 
shall be scheduled for one evaluation.  A copy of 
the evaluation and recommended BMPs shall be 
provided to the participants; 


    vi. Submitting a GMP (or revisions, as necessary), to 
the appropriate Regional Water Board(s) and State 
Water Board no later than September 1, 1997 (or 
August 1 in subsequent years).  Once approved, a 
group leader or local agency permittee shall submit 
a letter of intent by August 1 of each year to 
continue the approved GMP.  The letter of intent 
must include a roster of participants, participant's 
Waste Discharge Identification number (WDID#), 
updated sampling schedules, and any other revisions 
to the GMP;


   vii. Revising the GMP as instructed by the Regional Water 
Board or the State Water Board; and 


   viii. Providing the State Water Board and/or Regional 
Water Board with quarterly updates of any new or 
deleted participants and corresponding changes in 
the sampling and inspection schedule. 


  e.  The GMP shall: 
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     i. Identify the participants of the GMP by name, 
location, and WDID number; 


    ii. Include a narrative description summarizing the 
industrial activities of participants of the GMP and 
explain why the participants, as a whole, have 
sufficiently similar industrial activities and BMPs 
to be covered by a group monitoring plan; 


   iii. Include a list of typical potential pollutant 
sources associated with the group participant's 
facilities and recommended baseline BMPs to prevent 
or reduce pollutants associated with industrial 
activity in the storm water discharges and 
authorized non-storm water discharges; 


    iv. Provide a five-year sampling and inspection schedule 
in accordance with Subsections b. and d.v. above. 


     v. Identify the pollutants associated with industrial 
activity that shall be analyzed at each 
participant's facility in accordance with
Section B.5.  The selection of these pollutants 
shall be based upon an assessment of each facility's 
potential pollutant sources and likelihood that 
pollutants associated with industrial activity will 
be present in storm water discharges and authorized 
non-storm water discharges in significant 
quantities.


 f.  Sampling and analysis shall be conducted in accordance 
with the applicable requirements of this Section. 


 g.  Unless otherwise instructed by the Regional Water Board or 
the State Water Board Executive Director, the GMPs shall 
be implemented at the beginning of the wet season


   (October 1). 


 h.  All participants in an approved GMP that have not been 
selected to sample in a particular wet season are required 
to comply with all other monitoring program and reporting 
requirements of this Section including the submittal of an 
Annual Report by July 1 of each year to the appropriate 
Regional Water Board. 


 i.  GMP participants subject to Federal storm water effluent 
limitation guidelines must perform the monitoring 
described in Section B.6. and submit the results of the 
monitoring to the appropriate Regional Water Board within 
the facility operator's Annual Report. 
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 j.  GMPs and Group Evaluation Reports should be prepared in 
accordance with State Water Board (or Regional Water 
Board) guidance. 


 k.  GMP participants may receive Sampling and Analysis 
Reduction sampling credit in accordance with the following 
conditions:


   i. Current or prior participants (group participants) of 
approved GMPs, who have not collected and analyzed 
samples from six storm events as required in Section 
B.7.b.i.(1), may substitute credit earned through 
participation in a GMP for up to four of the six 
required storm events.  Credits for GMP participation 
shall be calculated as follows: 


      
      (1) Credit may only be earned in years of 


participation where the GMP participant was not 
scheduled to sample and the GMP was approved. 


      (2)  One credit will be earned for each year of valid 
GMP participation. 


      (3)  One additional credit may be earned for each year 
the overall GMP sample collection performance is 
greater than 75 percent. 


  ii.  GMP participants substituting credit as calculated 
above shall provide proof of GMP participation and 
certification that all the conditions in
Section B.12.b.i. have been met.  GMP participants 
substituting credit in accordance with Section 
B.15.k.i.(3) shall also provide GMP sample collection 
performance documentation. 


  iii. GMP participants that qualify for Sampling and Analysis 
Reduction and have already sampled a storm event after 
October 1, 1997 shall only be required to sample one 
additional storm event during the remainder of this 
General Permit in accordance with the "Sample 2" 
schedule (or "Sample 1" schedule when certification 
filed for the wet season beginning October 1, 2001) in 
Table C of this Section. 


 n.  Group leaders shall furnish, within 60 days of receiving a 
request from the State Water Board or Regional Water 
Board, any GMP information and documentation necessary to 
verify the Section B.15.k. sampling credits.  Group 
leaders may also provide this information and 
documentation to the group participants. 


16. Watershed Monitoring Option
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  Regional Water Boards may approve proposals to substitute   
watershed monitoring for some or all of the requirements of 
this Section if the Regional Water Board finds that the
watershed monitoring will provide substantially similar
monitoring information in evaluating facility operator 
compliance with the requirements of this General Permit. 
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 TABLE D 
 ADDITIONAL ANALYTICAL PARAMETERS 


Subsector   SIC  Activity Represented Parameters


SECTOR A. TIMBER PRODUCTS 


A1    2421 General Sawmills and Planing Mills ....................................................................................... COD;TSS;Zn


A2         2491 Wood Preserving ..................................................................................................................................As;Cu


A3         2411 Log Storage and Handling........................................................................................................................TSS


A4         2426 Hardwood Dimension and Flooring Mills..................................................................................... COD;TSS


A4          2429 Special Product Sawmills, Not Elsewhere Classified.................................................................... COD;TSS


A4          243X Millwork, Veneer, Plywood, and Structural Wood ....................................................................... COD;TSS


A4               (except 2434--Wood Kitchen Cabinet Manufacturers) 


A4           244X Wood Containers ........................................................................................................................... COD;TSS


A4          245X Wood Buildings and Mobile Homes ............................................................................................. COD;TSS


A4         2493 Reconstituted Wood Products ....................................................................................................... COD;TSS


A4          2499 Wood Products, Not Elsewhere Classified      


SECTOR B.  PAPER AND ALLIED PRODUCTS MANUFACTURING 


B1         261X Pulp Mills ........................................................................................................................................................ 


B2         262X  Paper Mills ...................................................................................................................................................... 


B3         263X  Paperboard Mills ....................................................................................................................................COD


B4         265X  Paperboard Containers and Boxes................................................................................................................... 


B5         267X   Converted Paper and Paperboard Products, Except Containers and Boxes .................................................... 


SECTOR C. CHEMICAL AND ALLIED PRODUCTS MANUFACTURING


C1         281X Industrial Inorganic Chemicals.....................................................................................................Al;Fe;N+N


C2          282X Plastics Materials and Synthetic Resins, Synthetic Rubber, 


     Cellulosic, and Other Manmade Fibers Except Glass ................................................................................Zn


C3    283X Drugs ............................................................................................................................................................... 


C4          284X Soaps, Detergents, and Cleaning Preparations; Perfumes, 


     Cosmetics, and Other Toilet Preparations .........................................................................................N+N;Zn


C5          285X Paints, Varnishes, Lacquers, Enamels, and Allied Products 


C6         286X Industrial Organic Chemicals .......................................................................................................................... 


C7          287X Nitrogenous and Phosphatic Basic Fertilizers, Mixed


     Fertilizer, Pesticides, and Other Agricultural Chemicals .................................................. Fe;N+N;Pb;Zn;P


C8         289X Miscellaneous Chemical Products................................................................................................................... 


        3952 Inks and Paints, Including China Painting Enamels, India Ink, 


     (limited to list)   Drawing Ink, Platinum Paints for Burnt Wood or Leather Work,  


     Paints for China Painting, Artist's Paints, and Artist's  Watercolors ............................................................... 


SECTOR D. ASPHALT PAVING/ROOFING MATERIALS MANUFACTURERS AND LUBRICANT 


MANUFACTURERS


D1           295X Asphalt Paving and Roofing Materials ....................................................................................................TSS


D2           2992 Lubricating Oils and Greases.......................................................................................................................... 


-----------------------------------------------------------------------------------------------------------------------------------------------------------
Parameter Names


Al - Aluminum  Cd - Cadmium    Cu - Copper  Mg - Magnesium  BOD - Biochemical Oxygen Demand 


As - Arsenic    CN - Cyanide    Fe - Iron   Ag - Silver   N + N - Nitrate & Nitrite Nitrogen 


NH3- Ammonia  Hg -  Mercury    P - Phosphorus  Se - Selenium   Pb -  Lead 


Zn -  Zinc    TSS -Total Suspended Solids COD - Chemical Oxygen Demand


Subsector   SIC Activity Represented Parameters
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SECTOR E.  GLASS, CLAY, CEMENT, CONCRETE, AND GYPSUM PRODUCT MANUFACTURING


E1        3211    Flat Glass ......................................................................................................................................................... 


E1        322X    Glass and Glassware, Pressed or Blown ......................................................................................................... 


E1        323X    Glass Products Made of Purchased Glass ....................................................................................................... 


E2        3241    Hydraulic Cement ............................................................................................................................................ 


E3        325X    Structural Clay Products .............................................................................................................................Al


E3        326X    Pottery and Related Products ......................................................................................................................Al


E3        3297     Non-Clay Refractories ................................................................................................................................Al


E4     327X    Concrete, Gypsum, and Plaster Products (Except Lime) ................................................................... TSS;Fe


                 (except 3274). 


E4         3295     Minerals and Earths, Ground, or Otherwise Treated ........................................................................... TSS;Fe


SECTOR F. PRIMARY METALS


F1        331X    Steel Works, Blast Furnaces, Rolling & Finishing Mill .......................................................................Al;Zn


F2        332X    Iron and Steel Foundries.................................................................................................. Al;TSS;Cu;Fe;Zn


F3        333X    Primary Smelting and Refining of Nonferrous Metals................................................................................... 


F4        334X    Secondary Smelting and Refining of Nonferrous Metals............................................................................... 


F5        335X    Rolling, Drawing, and Extruding of Nonferrous Metals .................................................................... Cu;Zn


F6        336X    Nonferrous Foundries (Castings)........................................................................................................ Cu;Zn


F7        339X    Miscellaneous Primary Metal Products 


SECTOR G.  METAL MINING (ORE MINING AND DRESSING) EXCEPT INACTIVE METAL 


MINING ACTIVITIES ON FEDERAL LANDS WHERE AN OPERATOR CANNOT BE IDENTIFIED


G1        101X    Iron Ores......................................................................................................................................................... 


G2        102X    Copper Ores......................................................................................................................... TSS;COD;N+N


G3        103X    Lead and Zinc Ores......................................................................................................................................... 


G4        104X    Gold and Silver Ores ...................................................................................................................................... 


G5        106X    Ferroalloy Ores, Except Vanadium ................................................................................................................ 


G6        108X    Metal Mining Services.................................................................................................................................... 


G7        109X    Miscellaneous Metal Ores .............................................................................................................................. 


SECTOR H.  COAL MINES AND COAL MINING-RELATED FACILITIES 


NA       12XX   Coal Mines and Coal Mining-Related Facilities...........................................................................TSS;Al;Fe


SECTOR I.  COAL MINES AND COAL MINING-RELATED FACILITIES


I1        131X    Crude Petroleum and Natural Gas .................................................................................................................. 


I2        132X    Natural Gas Liquids........................................................................................................................................ 


I3           138X    Oil and Gas Field Services ............................................................................................................................ 


SECTOR J. MINERAL MINING AND DRESSING EXCEPT INACTIVE MINERAL MINING ACTIVITIES  


OCCURRING ON FEDERAL LANDS WHERE AN OPERATOR CANNOT BE IDENTIFIED


J1        141X    Dimension Stone .....................................................................................................................................TSS


J1  142X    Crushed and Broken Stone, Including Rip Rap.......................................................................................TSS


J1         148X    Nonmetallic Minerals, Except Fuels........................................................................................................TSS


J2        144X    Sand and Gravel ............................................................................................................................ TSS;N+N


J3        145X    Clay, Ceramic, and Refractory Materials ....................................................................................................... 


J4        147X    Chemical and Fertilizer Mineral Mining ........................................................................................................ 


J4         149X    Miscellaneous Nonmetallic Minerals, Except Fuels....................................................................................... 
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Subsector   SIC Activity Represented       Parameters


SECTOR K.  HAZARDOUS WASTE TREATMENT STORAGE OR DISPOSAL FACILITIES


NA        4953    Hazardous Waste Treatment Storage or Disposal ............................................................ NH3;Mg;COD;As


                                     Cd;CN;Pb


                                                                             Hg;Se;Ag


SECTOR L.  LANDFILLS AND LAND APPLICATION SITES


NA        4953   Landfills and Land Application Sites That Receive or........................................................................ TSS;Fe


                     Have Received Industrial Wastes, Except Inactive Landfills 


                     or Land Applications Sites Occurring on Federal Lands 


     Where an Operator Cannot be Identified


SECTOR M.  AUTOMOBILE SALVAGE YARDS


NA        5015   Facilities Engaged in Dismantling or Wrecking Used Motor ..................................................TSS;Fe;Pb;Al 


                           Vehicles for Parts Recycling or Resale and for Scrap 


SECTOR N.  SCRAP RECYCLING FACILITIES


NA        5093    Processing, Reclaiming, and Wholesale Distribution of Scrap .................................................... TSS;Fe;Pb


      and Waste Materials.............................................................................................................Al;Cu;Zn;COD


SECTOR O.  STEAM ELECTRIC GENERATING FACILITIES


NA        4911    Steam Electric Power Generating Facilities ............................................................................................... Fe


SECTOR P.  LAND TRANSPORTATION FACILITIES THAT HAVE VEHICLE AND EQUIPMENT


MAINTENANCE SHOPS AND/OR EQUIPMENT CLEANING OPERATIONS


P1        40XX   Railroad Transportation .................................................................................................................................. 


P2        41XX   Local and Highway Passenger Transportation ............................................................................................... 


P3        42XX   Motor Freight Transportation and Warehousing ............................................................................................ 


P4        43XX   United States Postal Service ........................................................................................................................... 


P5        5171    Petroleum Bulk Stations and Terminals .......................................................................................................... 


SECTOR Q.  WATER TRANSPORTATION FACILITIES THAT HAVE VEHICLE (VESSEL) &


EQUIPMENT MAINTENANCE SHOPS AND/OR EQUIPMENT CLEANING OPERATIONS


NA        44XX   Water Transportation ................................................................................................................ Al;Fe;Pb;Zn


SECTOR R.  SHIP AND BOAT BUILDING OR REPAIRING YARDS


NA        373X    Ship and Boat Building or Repairing Yards................................................................................................... 


SECTOR S.  AIR TRANSPORTATION FACILITIES


NA        45XX   Air Transportation Facilities That Have Vehicle .........................................................BOD;COD;NH3;pH


                         Maintenance Ships, Material Handing Facilities, 


                      Equipment Cleaning Operations, or Airport and/or 


                      Aircraft Deicing/Anti-icing Operations 
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Subsector   SIC Activity Represented       Parameters


SECTOR T.  TREATMENT WORKS


NA       4952   Treatment Works Treating Domestic Sewage or Any Other 


                    Sewage Sludge or Wastewater Treatment Device or System 


        Used in the Storage, treatment, recycling, or Reclamation 


        of Municipal or Domestic Sewage with a Design Flow of  


   1.0 MGD or More or Required to Have an Approved Pretreatment 


                    Program........................................................................................................................................................... 


SECTOR U.  FOOD AND KINDRED PRODUCTS


U1       201X    Meat Products ................................................................................................................................................. 


U2       202X    Dairy Products................................................................................................................................................. 


U3        203X    Canned, Frozen and Preserved Fruits, Vegetables and Food 


                      Specialties ...................................................................................................................................................... 


U4       204X    Grain Mill Products..................................................................................................................................TSS


U5       205X    Bakery Products .............................................................................................................................................. 


U6        206X    Sugar and Confectionery Products 


U7       207X    Fats and Oils............................................................................................................... BOD;COD;TSS;N+N


U8       208X    Beverages ........................................................................................................................................................ 


U9       209X    Miscellaneous Food Preparations and Kindred Products................................................................................ 


NA       21XX   Tobacco Products ............................................................................................................................................ 


SECTOR V.  TEXTILE MILLS, APPAREL, AND OTHER FABRIC PRODUCT MANUFACTURING 


V1       22XX    Textile Mill Products...................................................................................................................................... 


V2        23XX    Apparel and Other Finished Products Made From Fabrics and 


                       Similar Materials........................................................................................................................................... 


SECTOR W.  FURNITURE AND FIXTURES


NA       25XX    Furniture and Fixtures .................................................................................................................................... 


NA       2434     Wood Kitchen Cabinets .................................................................................................................................. 


SECTOR X.  PRINTING AND PUBLISHING


NA       2732     Book Printing.................................................................................................................................................. 


NA       2752     Commercial Printing, Lithographic ................................................................................................................ 


NA       2754     Commercial Printing, Gravure........................................................................................................................ 


NA       2759     Commercial Printing, Nor Elsewhere Classified ............................................................................................ 


NA       2796     Platemaking and Related Services .................................................................................................................. 


SECTOR Y.  RUBBER, MISCELLANEOUS PLASTIC PRODUCTS, AND MISC. MANUFACTURING INDUSTRIES 


Y1       301X    Tires and Inner Tubes ................................................................................................................................Zn


Y1        302X    Rubber and Plastics Footwear ....................................................................................................................Zn


Y1        305X    Gaskets, Packing, and Sealing Devices and Rubber and  Plastics ...........................................................   Zn


                       Hose and Belting             


Y1        306X    Fabricated Rubber Products, Not Elsewhere Classified.............................................................................Zn


Y2       308X    Miscellaneous Plastics Products ..................................................................................................................... 
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Subsector   SIC Activity Represented         Parameters


Y2        393X    Musical Instruments ........................................................................................................................................ 


Y2           394X    Dolls, Toys, Games, and Sporting and Athletic Goods .................................................................................. 


Y2       395X    Pens, Pencils, and Other Artists' Materials ..................................................................................................... 


Y2         396X    Costume Jewelry, Costume Novelties, Buttons, and  


                       Miscellaneous Notions, Except Precious Metal............................................................................................. 


Y2        399X    Miscellaneous Manufacturing Industries ........................................................................................................ 


SECTOR Z.  LEATHER TANNING AND FINISHING


NA       311X    Leather Tanning and Finishing ....................................................................................................................... 


NA        NA       Facilities that Make Fertilizer Solely From Leather Scraps 


                      and Leather Dust ............................................................................................................................................ 


SECTOR AA.  FABRICATED METAL PRODUCTS


AA1      3429    Hardware, Not Elsewhere Classified ......................................................................................Zn;N+N;Fe;Al


AA1       3441    Fabricated Structural Metal.....................................................................................................Zn;N+N;Fe;Al


AA1       3442    Metal Doors, Sash, Frames, Molding, and Trim.....................................................................Zn;N+N;Fe;Al


AA1       3443    Fabricated Plate Work (Boiler Shops) ....................................................................................Zn;N+N;Fe;Al


AA1       3444    Sheet Metal Work ...................................................................................................................Zn;N+N;Fe;Al


AA1       3451    Screw Machine Products.........................................................................................................Zn;N+N;Fe;Al


AA1       3452    Bolts, Nuts, Screws, Rivets, and Washers ..............................................................................Zn;N+N;Fe;Al


AA1       3462    Iron and Steel Forgings ...........................................................................................................Zn;N+N;Fe;Al


AA1       3471    Electroplating, Plating, Polishing, Anodizing, and Coloring..................................................Zn;N+N;Fe;Al 


AA1          3494    Valves and Pipe Fittings, Not Elsewhere Classified ...............................................................Zn;N+N;Fe;Al


AA1       3496    Miscellaneous Fabricated Wire Products................................................................................Zn;N+N;Fe;Al


AA1       3499    Fabricated Metal Products, Not Elsewhere Classified ............................................................Zn;N+N;Fe;Al


AA1          391X    Jewelry, Silverware, and Plated Ware....................................................................................Zn;N+N;Fe;Al


AA2      3479    Coating, Engraving, and Allied Services ...........................................................................................Zn;N+N


SECTOR AB.  TRANSPORTATION EQUIPMENT, INDUSTRIAL OR COMMERCIAL MACHINERY


NA       35XX   Industrial and Commercial Machinery (except 357X Computer and 


             Office Equipment) ....................................................................................................................................................... 


NA       37XX   Transportation Equipment (except 373X Ship and Boat Building and 


      Repairing...................................................................................................................................................................... 


SECTOR AC.  ELECTRONIC, ELECTRICAL. PHOTOGRAPHIC, AND OPTICAL GOODS


NA       36XX   Electronic and Other Electrical Equipment and Components,  


                 Except Computer Equipment ...................................................................................................................................... 


NA       38XX   Measuring, Analyzing, and Controlling Instruments;  


   Photographic, Medical, and Optical Goods; Watches and  Clocks............................................................................. 


NA         357X  Computer and Office Equipment .............................................................................................................................................................................................................................................. 
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Section C:  STANDARD PROVISIONS 


1. Duty to Comply 


 The facility operator must comply with all of the conditions 
of this General Permit.  Any General Permit noncompliance 
constitutes a violation of the Clean Water Act (CWA) and the 
Porter-Cologne Water Quality Control Act and is grounds for 
(a) enforcement action for (b) General Permit termination, 
revocation and reissuance, or modification or (c) denial of a 
General Permit renewal application. 


 The facility operator shall comply with effluent standards or 
prohibitions established under Section 307(a) of the CWA for 
toxic pollutants within the time provided in the regulations 
that establish these standards or prohibitions, even if this 
General Permit has not yet been modified to incorporate the 
requirement.


2.  General Permit Actions 


 This General Permit may be modified, revoked and reissued, or 
terminated for cause.  The filing of a request by the
facility operator for a General Permit modification, 
revocation and reissuance, or termination, or a notification 
of planned changes or anticipated noncompliance does not stay 
any General Permit condition. 


 If any toxic effluent standard or prohibition (including any 
schedule of compliance specified in such effluent standard or 
prohibition) is promulgated under Section 307(a) of the CWA 
for a toxic pollutant which is present in the discharge and 
that standard or prohibition is more stringent than any 
limitation on the pollutant in this General Permit, this 
General Permit shall be modified or revoked and reissued to 
conform to the toxic effluent standard or prohibition, and 
the facility operator so notified. 


3.  Need to Halt or Reduce Activity not a Defense 


 It shall not be a defense for a facility operator in an 
enforcement action that it would have been necessary to halt 
or reduce the general permitted activity in order to maintain 
compliance with the conditions of this General Permit. 


4.  Duty to Mitigate 


 The facility operator shall take all responsible steps to 
minimize or prevent any discharge in violation of this 
General Permit which has a reasonable likelihood of adversely 
affecting human health or the environment. 
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5. Proper Operation and Maintenance 


 The facility operator at all times shall properly operate and 
maintain any facilities and systems of treatment and control 
(and related appurtenances) which are installed or used by 
the facility operator to achieve compliance with the 
conditions of this General Permit and with the requirements 
of storm water pollution prevention plans (SWPPPs).  Proper 
operation and maintenance also include adequate laboratory 
controls and appropriate quality assurance procedures.
Proper operation and maintenance may require the operation of 
backup or auxiliary facilities or similar systems installed 
by a facility operator when necessary to achieve compliance 
with the conditions of this General Permit. 


6. Property Rights 


 This General Permit does not convey any property rights of 
any sort, or any exclusive privileges, nor does it authorize 
any injury to private property or any invasion of personal 
rights, nor any infringement of Federal, State, or local laws 
or regulations. 


7. Duty to Provide Information 


 The facility operator shall furnish the Regional Water 
Quality Control Board (Regional Water Board), State Water 
Resources Control Board (State Water Board), 
U.S. Environmental Protection Agency (U.S. EPA), or local 
storm water management agency, within a reasonable time 
specified by the agencies, any requested information to 
determine compliance with this General Permit.  The facility 
operator shall also furnish, upon request, copies of records 
required to be kept by this General Permit. 


8. Inspection and Entry 


 The facility operator shall allow the Regional Water Board, 
State Water Board, U.S. EPA, and local storm water management 
agency, upon the presentation of credentials and other 
documents as may be required by law, to: 


 a. Enter upon the facility operator's premises where a 
regulated facility or activity is located or conducted 
or where records must be kept under the conditions of 
this General Permit; 


 b. Have access to and copy at reasonable times any records 
that must be kept under the conditions of this General 
Permit;
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 c. Inspect at reasonable times any facilities or equipment 
(including monitoring and control equipment) that are 
related to or may impact storm water discharge or 
authorized non-storm water discharge; and 


 d. Conduct monitoring activities at reasonable times for 
the purpose of ensuring General Permit compliance. 


9. Signatory Requirements 


 a. All Notices of Intent (NOIs) submitted to the State 
Water Board shall be signed as follows: 


   (1) For a corporation:  by a responsible corporate 
officer.  For the purpose of this section, a 
responsible corporate officer means:  (a) a 
president, secretary, treasurer, or vice-president 
of the corporation in charge of a principal 
business function, or any other person who 
performs similar policy or decision-making 
functions for the corporation; or (b) the manager 
of the facility if authority to sign documents has 
been assigned or delegated to the manager in 
accordance with corporate procedures; 


   (2) For a partnership or sole proprietorship:  by a 
general partner or the proprietor, respectively; 
or


   (3) For a municipality, State, Federal, or other 
public agency:  by either a principal executive 
officer or ranking elected official.  The 
principal executive officer of a Federal agency 
includes the chief executive officer of the agency 
or the senior executive officer having 
responsibility for the overall operations of a 
principal geographic unit of the agency (e.g., 
Regional Administrators of U.S. EPA). 


 b. All reports, certifications, or other information 
required by the General Permit or requested by the 
Regional Water Board, State Water Board, U.S. EPA, or 
local storm water management agency shall be signed by 
a person described above or by a duly authorized 
representative.  A person is a duly authorized 
representative only if: 


   (1) The authorization is made in writing by a person 
described above and retained as part of the SWPPP. 
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   (2) The authorization specifies either an individual 
or a position having responsibility for the 
overall operation of the regulated facility or 
activity, such as the position of manager, 
operator, superintendent, or position of 
equivalent responsibility or an individual or 
position having overall responsibility for     
named position.) 


   (3) If an authorization is no longer accurate because 
a different individual or position has 
responsibility for the overall operation of the 
facility, a new authorization must be attached to 
the SWPPP prior to submittal of any reports, 
certifications, or information signed by the 
authorized representative. 


10. Certification 


  Any person signing documents under Provision 9. above shall 
make the following certification: 


  "I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision 
in accordance with a system designed to ensure that 
qualified personnel properly gather and evaluate the 
information submitted.  Based on my inquiry of the person or 
persons who manage the system, or those persons directly 
responsible for gathering the information, the information 
submitted is to the best of my knowledge and belief, true, 
accurate, and complete.  I am aware that there are 
significant penalties for submitting false information, 
including the possibility of fine and imprisonment for 
knowing violations." 


11. Reporting Requirements 


  a. Planned changes:  The facility operator shall give 
advance notice to the Regional Water Board and local 
storm water management agency of any planned physical 
alteration or additions to the general permitted 
facility.  Notice is required under this provision only 
when the alteration or addition could significantly 
change the nature or increase the quantity of 
pollutants discharged. 


  b. Anticipated noncompliance:  The facility operator will 
give advance notice to the Regional Water Board and 
local storm water management agency of any planned 
changes at the permitted facility which may result in 
noncompliance with General Permit requirements. 
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  c. Compliance schedules:  Reports of compliance or 
noncompliance with or any progress reports on interim 
and final requirements contained in any compliance 
schedule of this General Permit shall be submitted no 
later than 14 days following each scheduled date. 


  d. Noncompliance reporting:  The facility operator shall 
report any noncompliance at the time monitoring reports 
are submitted.  The written submission shall contain 
(1) a description of the noncompliance and its cause; 
(2) the period of noncompliance, including exact dates 
and times, and if the noncompliance has not been 
corrected, the anticipated time it is expected to 
continue; and (3) steps taken or planned to reduce and 
prevent recurrence of the noncompliance. 


12.  Oil and Hazardous Substance Liability 


  Nothing in this General Permit shall be construed to 
preclude the institution of any legal action or relieve the 
facility operator from any responsibilities, liabilities, or 
penalties to which the facility operator is or may be 
subject under Section 311 of the CWA. 


13.  Severability 


  The provisions of this General Permit are severable; and if 
any provision of this General Permit or the application of 
any provision of this General Permit to any circumstance is 
held invalid, the application of such provision to other 
circumstances and the remainder of this General Permit shall 
not be affected thereby. 


14.  Reopener Clause  


  This General Permit may be modified, revoked, and reissued, 
or terminated for cause due to promulgation of amended 
regulations, receipt of U.S. EPA guidance concerning 
regulated activities, judicial decision, or in accordance 
with 40 CFR 122.62, 122.63, 122.64, and 124.5.  This General 
Permit may be reopened to modify the provisions regarding 
authorized non-storm water discharges specified in
Section D. Special Conditions. 


15.  Penalties for Violations of General Permit Conditions. 


  a. Section 309 of the CWA provides significant penalties 
for any person who violates a General Permit condition 
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implementing Sections 301, 302, 306, 307 308, 318, or 
405 of the CWA, or any General Permit condition or 
limitation implementing any such section in a General 
Permit issued under Section 402.  Any person who 
violates any General Permit condition of this General 
Permit is subject to a civil penalty not to exceed 
$25,000 per day of such violation, as well as any other 
appropriate sanction provided by Section 309 of the 
CWA.


  b. The Porter-Cologne Water Quality Control Act also 
provides for civil and criminal penalties in some cases 
greater than those under the CWA. 


16.  Availability 


  A copy of this General Permit shall be maintained at the    
facility and be available at all times to the appropriate 
facility personnel and to Regional Water Board and local 
agency inspectors. 


17.  Transfers 


  This General Permit is not transferable from one facility 
operator to another facility operator nor may it be 
transferred from one location to another location.  A new 
facility operator of an existing facility must submit an NOI 
in accordance with the requirements of this General Permit 
to be authorized to discharge under this General Permit. 


18.  Continuation of Expired General Permit 


  This General Permit continues in force and effect until a 
new general permit is issued or the State Water Board 
rescinds the General Permit.  Facility operators authorized 
to discharge under the expiring general permit are required 
to file an NOI to be covered by the reissued General Permit. 


19.  Penalties for Falsification of Reports 


  Section 309(c)(4) of the CWA provides that any person who  
knowingly makes any false material statement, 
representation, or certification in any record or other 
document submitted or required to be maintained under this 
General Permit, including reports of compliance or 
noncompliance shall, upon conviction, be punished by a fine 
of not more than $10,000 or by imprisonment for not more 
than two years, or by both. 







 Attachment 1 


 FACILITIES COVERED BY THIS GENERAL PERMIT


Industrial facilities include Federal, State, municipally owned, 
and private facilities from the following categories: 


 1. FACILITIES SUBJECT TO STORM WATER EFFLUENT LIMITATIONS 
GUIDELINES, NEW SOURCE PERFORMANCE STANDARDS, OR TOXIC 
POLLUTANT EFFLUENT STANDARDS (40 Code of Federal Regulations 
(CFR) SUBCHAPTER N).  Currently, categories of facilities 
subject to storm water effluent limitations guidelines are 
Cement Manufacturing (40 CFR Part 411), Feedlots (40 CFR 
Part 412), Fertilizer Manufacturing (40 CFR Part 418), 
Petroleum Refining (40 CFR Part 419), Phosphate 
Manufacturing (40 CFR Part 422), Steam Electric (40 CFR
Part 423), Coal Mining (40 CFR Part 434), Mineral Mining and 
Processing (40 CFR Part 436), Ore Mining and Dressing


 (40 CFR Part 440), and Asphalt Emulsion (40 CFR Part 443). 


 2. MANUFACTURING FACILITIES:  Standard Industrial 
Classifications (SICs) 24 (except 2434), 26 (except 265 and 
267), 28 (except 283 and 285) 29, 311, 32 (except 323), 33, 
3441, and 373. 


 3. OIL AND GAS/MINING FACILITIES:  SICs 10 through 14 including 
active or inactive mining operations (except for areas of 
coal mining operations meeting the definition of a 
reclamation area under 40 CFR 434.11(l) because of 
performance bond issued to the facility by the appropriate 
Surface Mining Control and Reclamation Act (SMCRA) authority 
has been released, or except for area of non-coal mining 
operations which have been released from applicable State or 
Federal reclamation requirements after December 17, 1990);
oil and gas exploration, production, processing, or 
treatment operations; or transmission facilities that 
discharge storm water contaminated by contact with or that 
has come into contact with any overburden, raw material, 
intermediate products, finished products, by-products, or 
waste products located on the site of such operations.
Inactive mining operations are mined sites that are not 
being actively mined but which have an identifiable
facility operator.  Inactive mining sites do not include 
sites where mining claims are being maintained prior to 
disturbances associated with the extraction, beneficiation, 
or processing of mined material; or sites where minimal 
activities are undertaken for the sole purpose of 
maintaining a mining claim. 


 4. HAZARDOUS WASTE TREATMENT, STORAGE, OR DISPOSAL FACILITIES: 
Includes those operating under interim status or a general 
permit under Subtitle C of the Federal Resource, 
Conservation, and Recovery Act (RCRA). 


 5. LANDFILLS, LAND APPLICATION SITES, AND OPEN DUMPS:  Sites 
that receive or have received industrial waste from any of 
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the facilities covered by this General Permit, sites subject 
to regulation under Subtitle D of RCRA, and sites that have 
accepted wastes from construction activities (construction 
activities include any clearing, grading, or excavation that 
results in disturbance of five acres or more). 


 6. RECYCLING FACILITIES:  SICs 5015 and 5093.  These codes 
include metal scrapyards, battery reclaimers, salvage yards, 
motor vehicle dismantlers and wreckers, and recycling 
facilities that are engaged in assembling, breaking up, 
sorting, and wholesale distribution of scrap and waste 
material such as bottles, wastepaper, textile wastes, oil 
waste, etc. 


 7. STEAM ELECTRIC POWER GENERATING FACILITIES:  Includes any 
facility that generates steam for electric power through the 
combustion of coal, oil, wood, etc. 


 8. TRANSPORTATION FACILITIES:  SICs 40, 41, 42 (except 
 4221-25), 43, 44, 45, and 5171 which have vehicle 


maintenance shops, equipment cleaning operations, or airport 
deicing operations.  Only those portions of the facility 
involved in vehicle maintenance (including vehicle 
rehabilitation, mechanical repairs, painting, fueling, and 
lubrication) or other operations identified herein that are 
associated with industrial activity. 


 9. SEWAGE OR WASTEWATER TREATMENT WORKS:  Facilities used in 
the storage, treatment, recycling, and reclamation of 
municipal or domestic sewage, including land dedicated to 
the disposal of sewage sludge that are located within the 
confines of the facility with a design flow of one million 
gallons per day or more or required to have an approved 
pretreatment program under 40 CFR Part 403.  Not included 
are farm lands, domestic gardens, or lands used for sludge 
management where sludge is beneficially reused and which are 
not physically located in the confines of the facility, or 
areas that are in compliance with Section 405 of the Clean 
Water Act. 


10. MANUFACTURING FACILITIES WHERE INDUSTRIAL MATERIALS, 
EQUIPMENT, OR ACTIVITIES ARE EXPOSED TO STORM WATER:
SICs 20, 21, 22, 23, 2434, 25, 265, 267, 27, 283, 285, 30, 
31 (except 311), 323, 34 (except 3441), 35, 36, 37 (except 
373), 38, 39, and 4221-4225. 
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 STORM WATER CONTACTS FOR
 THE STATE AND REGIONAL WATER BOARDS


See Storm Water Contacts at: 
http://www.waterboards.ca.gov/stormwtr/contact.html
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NOTICE OF INTENT (NOI) 
INSTRUCTIONS


TO COMPLY WITH STATE WATER RESOURCES CONTROL BOARD
WATER QUALITY ORDER NO. 97-03-DWQ


NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES)
GENERAL PERMIT NO. CAS000001


                                                                   
Who Must Submit


The facility operator must submit an NOI for each industrial 
facility that is required by U.S. Environmental Protection Agency 
(U.S.EPA) regulations to obtain a storm water permit.  The 
required industrial facilities are listed in Attachment 1 of the 
General Permit and are also listed in 40 Code of Federal 
Regulations Section 122.26(b)(14).


The facility operator is typically the owner of the business or 
operation where the industrial activities requiring a storm water 
permit occur.  The facility operator is responsible for all 
permit related activities at the facility. 


Where operations have discontinued and significant materials 
remain on site (such as at closed landfills), the landowner may 
be responsible for filing an NOI and complying with this General 
Permit.  Landowners may also file an NOI for a facility if the 
landowner, rather than the facility operator, is responsible for 
compliance with this General Permit. 


How and Where to Apply


The completed NOI form, a site map, and appropriate fee must
be mailed to the State Water Resources Control Board
(State Water Board) at the following address: 


 State Water Resources Control Board 
 Division of Water Quality 
 P.O. Box 1977 
 Sacramento, CA  95812-1977 
 Attn:  Storm Water Permitting Unit  


Please Note:  Do not send the original or copies of the NOI 
submittal to the Regional Water Quality Control Board (Regional 
Water Board).  The original NOI will be forwarded to the Regional 
Water Board after processing. 


Do not send a copy of your Storm Water Pollution Prevention Plan 
(SWPPP) with your NOI submittal. Your SWPPP is to be kept on 
site and made available for review upon request.
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When to Apply


Facility operators of existing facilities must file an NOI in 
accordance with these instructions by March 30, 1992.  Facility


operators of new facilities (those beginning operations after
March 30, 1992) must file an NOI in accordance with these 
instructions at least 14 days prior to the beginning of operations. 


Once the completed NOI, site map, and appropriate fee have been 
submitted to the State Water Board, your NOI will be processed and 
you will be issued a receipt letter with a Waste Discharge 
Identification (WDID) Number.  Please refer to this number when you 
contact either the State or Regional Water Boards. 


Fees


The total annual fee is $830.  Checks should be made payable to: 
SWRCB


Change of Information


If the information provided on the NOI or site map changes, you 
should report the changes to the State Water Board using an NOI 
form.  Section I of the line-by-line instructions includes 
information regarding changes to the NOI. 


Questions


If you have any questions completing the NOI, please call the 
appropriate Regional Water Board (Attachment 2) or the
State Water Board at (916) 341-5538. 


 NOI LINE-BY-LINE INSTRUCTIONS


Please type or print your responses on the NOI.  Please complete 
the NOI form in its entirety and sign the certification. 


Section I--NOI STATUS 


Check box "A" if this is a new NOI registration.


Check box "B" if you are reporting changes to the NOI (e.g., new 
contact person, phone number, mailing address).  Include the 
facility WDID #.  Highlight all the information that has been 
changed.


Please note that a change of information does not apply to a change 
of facility operator or a change in the location of the
facility.  These changes require a Notice of Termination (NOT) and 
submittal of a new NOI and annual fee.  Contact the State Water 
Board or Regional Water Boards for more information on the NOT Form 
and instructions. 


Regardless of whether you are submitting a new or revised NOI, you 
must complete the NOI in its entirety and the NOI must be signed. 







-3-


Section II--Facility Operator Information 


Part A: The facility operator is the legal entity that is 
responsible for all permit related compliance 
activities at the facility.  In most cases, the 
facility operator is the owner of the business or 
operation where the industrial activity occurs.
Give the legal name and the address of the person, 
firm, public organization, or any other entity that 
is responsible for complying with the General 
Permit.


Part B: Check the box that indicates the type of operation. 


Section III--Facility Site Information


Part A: Enter the facility's official or legal name and 
provide the address.  Facilities that do not have a 
street address must provide cross-streets or parcel 
numbers.  Do not include a P.O. Box address in Part 
A.


Part B: Enter the mailing address of the facility if 
different than Part A.  This address may be a P.O. 
Box.


  The contact person should be the plant or site 
manager who is familiar with the facility and 
responsible for overseeing compliance of the General 
Permit requirements. 


Part C: Enter the total size of the facility in either acres 
or square feet.  Also include the percentage 


  of the site that is impervious (areas that water 
cannot soak into the ground, such as concrete, 
asphalt, and rooftops). 


Part D: Determine the Standard Industrial Classification 
(SIC) code which best identifies the industrial 
activity that is taking place at the facility.  This 
information can be obtained by referring to the 
Standard Industrial Classification Manual prepared 
by the Federal Office of Management and Budget which 
is available at public libraries.  The code you 
determine should identify the industrial activity 
that requires you to submit the NOI.  (For example, 
if the business is high school education and the 
activity is school bus maintenance, the code you 
choose would be bus maintenance, not education.)
Most facilities have only one code; however, 
additional spaces are provided for those facilities 
that have more than one activity.


Part E: Identify the title of the industrial activity that 
requires you to submit the NOI (e.g., the title of 
SIC Code 2421 is Sawmills and Planing Mills, 
General).  If you cannot identify the title, provide 
a description of the regulated activity(s). 
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Section IV--Address for Correspondence 


Correspondence relative to the permit will be mailed occasionally. 
 Check the box which indicates where you would like such 
correspondence delivered.  If you want correspondence sent to 
another contact person or address different than indicated in 
Section II or Section III then include the information on an extra 
sheet of paper.


Section V--Billing Address Information


To continue coverage under the General Permit, the annual fee must 
be paid.  Use this section to indicate where the annual fee 
invoices should be mailed.  Enter the billing address if different 
than the address given in Sections II or III. 


Section VI--Receiving Water Information


Provide the name of the receiving water where storm water discharge 
flows from your facility.  A description of each option is included 
below.


1. Directly to waters of the United States:  Storm water    
discharges directly from the facility to a river, creek, lake, 
ocean, etc.  Enter the name of the receiving water (e.g., 
Boulder Creek). 


2.  Indirectly to waters of the United States:  Storm water       
 discharges over adjacent properties or right-of-ways          
 prior to discharging to waters of the United States.          
 Enter the name of the closest receiving water (e.g.,          
 Clear Creek). 


Section VII--Implementation of Permit Requirements 


Parts A and B:  Check the boxes that best describe the status 
of the Storm Water Pollution Prevention Plan 
(SWPPP) and the Monitoring Program. 


Part C:   Check yes or no to questions 1 through 4.  If 
you answer no to any question, you need to 
assign a person to these tasks immediately. 


As a permit holder you are required to have an SWPPP and Monitoring 
Program in place prior to the beginning of facility operations.
Failure to do so is in direct violation of the General Permit.  Do 
not send a copy of your SWPPP with your NOI submittal. 


Please refer to Sections A and B of the General Permit for 
additional information regarding the SWPPP and Monitoring Program. 


Section VIII--Site Map 


Provide a "to scale" drawing of the facility and its immediate 
surroundings.  Include as much detail about the site as possible. 
At a minimum, indicate buildings, material handling and storage 
areas, roads, names of adjacent streets, storm water discharge 
points, sample collection points, and a north arrow.  Whenever 
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possible limit the map to a standard size sheet of paper     (8.5" 
x 11" or 11" x 17"). Do not send blueprints unless you are sending 
one page and it meets the size limits as defined above. 


A location map may also be included, especially in cases where the 
facility is difficult to find, but are not to be submitted as a 
substitute for the site map.  The location map can be created from 
local street maps and U.S. Geological Survey (USGS) quadrangle 
maps, etc. 


A revised site map must be submitted whenever there is a 
significant change in the facility layout (e.g., new building, 
change in storage locations, boundary change, etc.).


Section IX--Certification


This section should be read by the facility operator.  The 
certification provides assurances that the NOI and site map were 
completed by the facility operator in an accurate and complete 
fashion and with the knowledge that penalties exist for providing 
false information.  It also requires the Responsible Party to 
certify that the provisions in the General Permit will be complied 
with.


The NOI must be signed by: 


 For a Corporation:  a responsible corporate officer (or 
 authorized individual). 


 For a Partnership or Sole Proprietorship:  a general partner 
 or the proprietor, respectively. 


 For a Municipality, State, or other non-Federal Public Agency: 
 either a principal executive officer or ranking elected 
official.


 For a Federal Agency:  either the chief or senior executive 
 officer of the agency. 







State of California


State Water Resources Control Board


                 NOTICE OF INTENT


                              TO  COMPLY  WITH  THE  TERMS  OF  THE


                               GENERAL  PERMIT  TO  DISCHARGE  STORM  WATER


                         ASSOCIATED  WITH INDUSTRIAL  ACTIVITY  (WQ  ORDER  No. 97-03-DWQ)


                              (Excluding  Construction  Activities)


SECTION I. NOI STATUS (please check only one box)


A.  [  ]  New Permittee                          B.  [  ]  Change of Information    WDID  #   l       l      l      l      l      l      l      l      l      l      l l


SECTION II.  FACILITY OPERATOR INFORMATION            (See instructions)


A.  NAME:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


Phone:


l   l   l l -- l   l   l   l -- l   l   l   l l


Mailing Address:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


City:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


State:


   l


Zip Code:


l    l    l    l    l    l -- l    l    l    l l


Contact Person:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


B.  OPERATOR TYPE:


       (check one)      1.[   ] Private Individual     2.[   ]Business     3.[   ]Municipal     4.[   ]State     5.[   ]Federal     6.[   ]Other


SECTION III.  FACILITY SITE INFORMATION


A.  FACILITY NAME


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


Phone:


l   l   l l -- l   l   l   l -- l   l   l   l l


Facility Location:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


County:


l   l   l   l   l   l   l   l   l   l   l   l   l   l l


City:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


State:


C l A


Zip Code:


l    l    l    l    l    l -- l    l    l    l l


B.  MAILING ADDRESS:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


City:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


State:


    l


Zip Code:


l    l    l    l    l    l -- l    l    l    l l


Contact Person:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


C.  FACILITY INFORMATION                    ( check one)


Total Size of Site:                                   Acres              Sq. Ft.


                                 [   ]                   [   ]


  Percent of Site Impervious (including rooftops)


                            l l   %


D.  SIC CODE(S) OF REGULATED ACTIVITY:              E.  REGULATED ACTIVITY (describe each SIC code):


1.  l    l    l    l    l                                                              l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l


2.  l    l    l    l    l                                                              l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l


3. l    l    l    l    l l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l


                                                           FOR STATE USE ONLY:







SECTION IV.  ADDRESS FOR CORRESPONDENCE


  l l Facility Operator Mailing Address (Section II)                      l l Facility Mailing Address (Section III, B.)                      l l Both


SECTION V.  BILLING ADDRESS INFORMATION


SEND BILL TO:          [  ]Facility Operator Mailing Address  (Section II)      [  ]Facility Mailing Address  (Section III, B.)        [  ]Other (enter information below)


Name:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


Phone:


l   l   l l -- l   l   l   l -- l   l   l   l l


Mailing Address:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


City:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


State:


    l


Zip Code:


l    l    l    l    l l -- l    l    l    l l


Contact Person:


l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l l


SECTION VI.  RECEIVING WATER INFORMATION


Your facility's storm water discharges flow: (check one)            [  ] Directly               OR               [  ] Indirectly to waters of the United States. 


Name of receiving water: l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l    l


                                   (river, lake, stream, ocean, etc.)


SECTION VII.  IMPLEMENTATION OF PERMIT REQUIREMENTS


A.  STORM WATER POLLUTION PREVENTION PLAN (SWPPP) (check one)


[  ] A SWPPP has been prepared for this facility and is available for review.


[  ] A SWPPP will be prepared and ready for review by (enter date):  ____/____/____.


B.  MONITORING PROGRAM (check one)


[  ] A Monitoring Program has been prepared for this facility and is available for review.


[  ] A Monitoring Program will be prepared and ready for review by (enter date):  ____/____/____.


C.  PERMIT COMPLIANCE RESPONSIBILITY


Has a person been assigned responsibility for:


1. Inspecting the facility throughout the year to identify any potential pollution problems? .........................................................................____YES   ____NO


2. Collecting storm water samples and having them analyzed?..................................................................................................................____YES   ____NO


3. Preparing and submitting an annual report by July 1 of each year? .......................................................................................................____YES   ____NO


4. Eliminating discharges other than storm water (such as equipment or vehicle wash-water) into the storm drain?................................____YES   ____NO


SECTION VIII.  SITE MAP


I HAVE ENCLOSED A SITE MAP              YES[    ]            A new NOI submitted without a site map will be rejected.


SECTION IX.  CERTIFICATION


"I certify under penalty of law that this document and all attachments were prepared under my direction and supervision in accordance with a system designed to


assure that qualified personnel properly gather and evaluate the information submitted.  Based on my inquiry of the person or persons who manage the system, or


those persons directly responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate and complete. 


I am aware that there are significant penalties for submitting false information, including the possibility of fine and imprisonment.  In addition, I certify that I have


read the entire General Permit, including all attachments, and agree to comply with and be bound by all of the provisions, requirements, and prohibitions of the 


permit, including the development and implementation of a Storm Water Pollution Pervention Plan and a Monitoring Program Plan will be complied with."


Printed Name:


Signature:   Date 


Title:







    


 DEFINITIONS


1. "Best Management Practices" ("BMPs") means schedules of 
activities, prohibitions of practices, maintenance 
procedures, and other management practices to prevent or 
reduce the pollution of waters of the United States.  BMPs 
also include treatment measures, operating procedures, and 
practices to control facility site runoff, spillage or leaks, 
sludge or waste disposal, or drainage from raw material 
storage.  BMPs may include any type of pollution prevention 
and pollution control measure necessary to achieve compliance 
with this General Permit. 


2. Clean Water Act (CWA) means the Federal Water Pollution 
Control Act enacted by Public Law 92-500 as amended by Public 
Laws 95-217, 95-576, 96-483, and 97-117; 33 USC. 1251 et seq. 


3. "Facility" is a collection of industrial processes 
discharging storm water associated with industrial activity 
within the property boundary or operational unit. 


4. "Non-Storm Water Discharge" means any discharge to storm 
sewer systems that is not composed entirely of storm water.


5. "Significant Materials" includes, but is not limited to:  raw 
materials; fuels; materials such as solvents, detergents, and 
plastic pellets; finished materials such as metallic 
products; raw materials used in food processing or 
production; hazardous substances designated under 
Section 101(14) of Comprehensive Environmental Response, 
Compensation, and Liability Act (CERLCA); any chemical the 
facility is required to report pursuant to Section 313 of 
Title III of Superfund Amendments and Reauthorization Act 
(SARA); fertilizers; pesticides; and waste products such as 
ashes, slag, and sludge that have the potential to be 
released with storm water discharges. 


6. "Significant Quantities" is the volume, concentrations, or 
mass of a pollutant that can cause or threaten to cause 
pollution, contamination, or nuisance; adversely impact human 
health or the environment; and/or cause or contribute to a 
violation of any applicable water quality standards for the 
receiving water. 


7. "Significant Spills" includes, but is not limited to: 
releases of oil or hazardous substances in excess of 
reportable quantities under Section 311 of the CWA (see 
40 CFR 110.10 and 117.21) or Section 102 of CERCLA (see
40 CFR 302.4). 


8. "Storm water" means storm water runoff, snow melt runoff, and 
storm water surface runoff and drainage.  It excludes 
infiltration and runoff from agricultural land. 
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9. "Storm Water Associated with Industrial Activity" means the 
discharge from any conveyance which is used for collecting 
and conveying storm water and which is directly related to 
manufacturing, processing, or raw materials storage areas at 
an industrial plant.  The term does not include discharges 
from facilities or activities excluded from the NPDES 
program.  For the facilities identified in Categories 1 
through 9 of Attachment 1 of this General Permit, the term 
includes, but is not limited to, storm water discharges from 
industrial plant yards; immediate access roads and rail lines 
used or traveled by carriers of raw materials; manufactured 
products, waste material, or by-products used or created by 
the facility; material handling sites; refuse sites; sites 
used for the application or disposal of process wastewaters 
(as defined at 40 CFR Part 401); sites used for the storage 
and maintenance of material handling equipment; sites used 
for residual treatment, storage, or disposal; shipping and 
receiving areas; manufacturing buildings; storage areas 
(including tank farms) for raw materials, and intermediate 
and finished products; and areas where industrial activity 
has taken place in the past and significant materials remain 
and are exposed to storm water.


  For the facilities identified in Category 10 of Attachment 1 
of this General Permit, the term only includes storm water 
discharges from all areas listed in the previous sentence 
where material handling equipment or activities, raw 
materials, intermediate products, final products, waste 
materials, by-products, or industrial machinery are exposed 
to storm water.


  Material handling activities include the:  storage, loading 
and unloading, transportation, or conveyance of any raw 
material, intermediate product, finished product, by-product, 
or waste product.  The term excludes areas located on plant 
lands separate from the plant's industrial activities, such 
as office buildings and accompanying parking lots as long as 
the drainage from the excluded areas is not mixed with storm 
water drained from the above described areas.  Industrial 
facilities (including industrial facilities that are 
federally, State, or municipally owned or operated that meet 
the description of the facilities listed in this paragraph) 
include those facilities designated under 40 CFR 
122.26(a)(1)(v).
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 ACRONYM LIST 


BAT Best Available Technology Economically    
   Achievable 


BCT Best Conventional Pollutant Control       
   Technology 


BMPs Best Management Practices 
CERCLA Comprehensive Environmental Response,     


   Compensation, and Liability Act of 1980 
   (Federal Superfund) 


CFR Code of Federal Regulations 
CWA Clean Water Act 
General Permit General Industrial Activities Storm Water 


   Permit 
GMP Group Monitoring Plan 
NEC No Exposure Certification 
NOI Notice of Intent 
NOT Notice of Termination 
NPDES National Pollutant Discharge Elimination  


   System 
O&G Oil and Grease 
RCRA Resource, Conservation, and Recovery Act 
Regional Water Board Regional Water Quality Control Board 
RQ Reportable Quantity 
SARA Superfund Amendments and Reauthorization  


   Act of 1986 
SIC Standard Industrial Classification 
SMCRA Surface Mining Control and Reclamation Act 
SPCC Spill Prevention Control and              
                          Countermeasures 
State Water Board State Water Resources Control Board 
SWPPP Storm Water Pollution Prevention Plan 
TOC Total Organic Carbon 
TSS Total Suspended Solids 
U.S. EPA U.S. Environmental Protection Agency 
WDID Waste Discharger Identification 
WDRs Waste Discharge Requirements 
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NPDES Waste Discharge Requirements  


for Discharges from the Municipal Storm  
Sewer System Draining the Watersheds of  


San Diego County 
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Order No. R9-2007-0001 January 24, 20072


The California Regional Water Quality Control Board, San Diego Region (hereinafter Regional


Board), finds that:


A. BASIS FOR THE ORDER


1. This Order is based on the federal Clean Water Act (CWA), the Porter-Cologne Water


Quality Control Act (Division 7 of the Water Code, commencing with Section 13000),


applicable state and federal regulations, all applicable provisions of statewide Water Quality


Control Plans and Policies adopted by the State Water Resources Control Board (SWRCB),


the Water Quality Control Plan for the San Diego Basin adopted by the Regional Board, the


California Toxics Rule, and the California Toxics Rule Implementation Plan.


2. This Order renews National Pollutant Discharge Elimination System (NPDES) Permit No.


CAS0108758, which was first issued on July 16, 1990 (Order No. 90-42), and then renewed


on February 21, 2001 (Order No. 2001-01). On August 25, 2005, in accordance with Order


No. 2001-01, the County of San Diego, as the Principal Permittee, submitted a Report of


Waste Discharge (ROWD) for renewal of their MS4 Permit.


B. REGULATED PARTIES


1. Each of the persons in Table 1 below, hereinafter called Copermittees or dischargers, owns or


operates a municipal separate storm sewer system (MS4), through which it discharges urban


runoff into waters of the United States within the San Diego Region. These MS4s fall into


one or more of the following categories: (1) a medium or large MS4 that services a


population of greater than 100,000 or 250,000 respectively; or (2) a small MS4 that is


“interrelated” to a medium or large MS4; or (3) an MS4 which contributes to a violation of a


water quality standard; or (4) an MS4 which is a significant contributor of pollutants to


waters of the United States.


Table 1. Municipal Copermittees


1. City of Carlsbad 12. City of Oceanside


2. City of Chula Vista 13. City of Poway


3. City of Coronado 14. City of San Diego


4. City of Del Mar 15. City of San Marcos


5. City of El Cajon 16. City of Santee


6. City of Encinitas 17. City of Solana Beach


7. City of Escondido 18. City of Vista


8. City of Imperial Beach 19. County of San Diego


9. City of La Mesa 20. San Diego Unified Port District


10. City of Lemon Grove


11. City of National City


21. San Diego County Regional


Airport Authority


C. DISCHARGE CHARACTERISTICS


1. Urban runoff contains waste, as defined in the California Water Code (CWC), and pollutants


that adversely affect the quality of the waters of the State. The discharge of urban runoff


from an MS4 is a “discharge of pollutants from a point source” into waters of the U.S. as


defined in the CWA.


2. The most common categories of pollutants in urban runoff include total suspended solids,


sediment (due to anthropogenic activities); pathogens (e.g., bacteria, viruses, protozoa);
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heavy metals (e.g., copper, lead, zinc and cadmium); petroleum products and polynuclear


aromatic hydrocarbons; synthetic organics (e.g., pesticides, herbicides, and PCBs); nutrients


(e.g., nitrogen and phosphorus fertilizers), oxygen-demanding substances (decaying


vegetation, animal waste), and trash.


3. The discharge of pollutants and/or increased flows from MS4s may cause or threaten to cause


the concentration of pollutants to exceed applicable receiving water quality objectives and


impair or threaten to impair designated beneficial uses resulting in a condition of pollution


(i.e., unreasonable impairment of water quality for designated beneficial uses),


contamination, or nuisance.


4. Pollutants in urban runoff can threaten human health. Human illnesses have been clearly


linked to recreating near storm drains flowing to coastal waters. Also, urban runoff pollutants


in receiving waters can bioaccumulate in the tissues of invertebrates and fish, which may be


eventually consumed by humans.


5. Urban runoff discharges from MS4s often contain pollutants that cause toxicity to aquatic


organisms (i.e., adverse responses of organisms to chemicals or physical agents ranging from


mortality to physiological responses such as impaired reproduction or growth anomalies).


Toxic pollutants impact the overall quality of aquatic systems and beneficial uses of receiving


waters.


6. The Copermittees discharge urban runoff into lakes, drinking water reservoirs, rivers,


streams, creeks, bays, estuaries, coastal lagoons, the Pacific Ocean, and tributaries thereto


within ten of the eleven hydrologic units (watersheds) comprising the San Diego Region as


shown in Table 2 below. Some of the receiving water bodies have been designated as


impaired by the Regional Board and the United States Environmental Protection Agency


(USEPA) in 2002 pursuant to CWA section 303(d). Also shown below are the watershed


management areas (WMAs) as defined in the Regional Board report, Watershed Management


Approach, January 2002.


Table 2. Common Watersheds and CWA Section 303(d) Impaired Waters
REGIONAL


BOARD


WATERSHED


MANAGEMENT


AREA (WMA)


HYDROLOGIC


UNIT(S)


MAJOR SURFACE WATER


BODIES


303(d) POLLUTANT(S)


OF CONCERN OR


WATER QUALITY


EFFECT1


COPERMITTEES


Santa Margarita


River


Santa Margarita


(902.00)


Santa Margarita River and


Estuary, Pacific Ocean


1. Eutrophic


2. Nitrogen


3. Phosphorus


4. Total Dissolved Solids


1. County of San Diego


San Luis Rey River San Luis Rey (903.00) San Luis Rey River and Estuary,


Pacific Ocean


1. Bacterial Indicators


2. Eutrophic


3. Chloride


4. Total Dissolved Solids


1. City of Escondido


2. City of Oceanside


3. City of Vista


4. County of San Diego


Carlsbad Carlsbad (904.00) Batiquitos Lagoon


San Elijo Lagoon


Agua Hedionda Lagoon


Buena Vista Lagoon


And Tributary Streams


Pacific Ocean


1. Bacterial Indicators


2. Eutrophic


3. Sedimentation/Siltation


4. Nutrients


5. Total Dissolved Solids


1. City of Carlsbad


2. City of Encinitas


3. City of Escondido


4. City of Oceanside


5. City of San Marcos


6. City of Solana Beach


7. City of Vista


8. County of San Diego


1
The listed 303(d) pollutant(s) of concern do not necessarily reflect impairment of the entire corresponding


WMA or all corresponding major surface water bodies. The specific impaired portions of each WMA are


listed in the State Water Resources Control Board’s 2002 Section 303(d) List of Water Quality Limited


Segments.
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REGIONAL


BOARD


WATERSHED


MANAGEMENT


AREA (WMA)


HYDROLOGIC


UNIT(S)


MAJOR SURFACE WATER


BODIES


303(d) POLLUTANT(S)


OF CONCERN OR


WATER QUALITY


EFFECT1


COPERMITTEES


San Dieguito River San Dieguito (905.00) San Dieguito River and Estuary,


Pacific Ocean


1. Bacterial Indicators


2. Sulfate


3. Color


4. Nitrogen


5. Phosphorus


6. Total Dissolved Solids


1. City of Del Mar


2. City of Escondido


3. City of Poway


4. City of San Diego


5. City of Solana Beach


6. County of San Diego


Mission Bay Peñasquitos (906.00) Los Peñasquitos Lagoon


Mission Bay, Pacific Ocean


1. Bacterial Indicators


2. Metals


3. Eutrophic


4. Sedimentation/Siltation


5. Toxicity


1. City of Del Mar


2. City of Poway


3. City of San Diego


4. County of San Diego


San Diego River San Diego (907.00) San Diego River, Pacific Ocean 1. Bacterial Indicators


2. Eutrophic


3. pH


4. Total Dissolved Solids


5. Oxygen (Dissolved)


1. City of El Cajon


2. City of La Mesa


3. City of Poway


4. City of San Diego


5. City of Santee


6. County of San Diego


San Diego Bay Pueblo San Diego


(908.00)


Sweetwater (909.00)


Otay (910.00)


San Diego Bay


Sweetwater River


Otay River


Pacific Ocean


1. Bacterial Indicators


2. Metals


3. Sediment Toxicity


4. Benthic Community


Degradation


5. Diazinon


6. Chlordane


7. Lindane


8. PAHs


9. PCBs


1. City of Chula Vista


2. City of Coronado


3. City of Imperial Beach


4. City of La Mesa


5. City of Lemon Grove


6. City of National City


7. City of San Diego


8. County of San Diego


9. San Diego Unified


Port District


10.San Diego County


Regional Airport Authority


Tijuana River Tijuana (911.00) Tijuana River and Estuary


Pacific Ocean


1. Bacterial Indicators


2. Low Dissolved Oxygen


3. Metals


4. Eutrophic


5. Pesticides


6. Synthetic Organics


7. Trace Elements


8. Trash


9. Solids


1. City of Imperial


Beach


2. City of San Diego


3. County of San Diego


7. The Copermittees’ water quality monitoring data submitted to date documents persistent


exceedances of Basin Plan water quality objectives for various urban runoff-related pollutants


(diazinon, fecal coliform bacteria, total suspended solids, turbidity, metals, etc.) at various


watershed monitoring stations. At some monitoring stations, such as Agua Hedionda,


statistically significant upward trends in pollutant concentrations have been observed.


Persistent toxicity has also been observed at some watershed monitoring stations. In addition,


bioassessment data indicates that the majority of watersheds have Poor to Very Poor Index of


Biotic Integrity ratings. In sum, the above findings indicate that urban runoff discharges are


causing or contributing to water quality impairments, and are a leading cause of such


impairments in San Diego County.


8. When natural vegetated pervious ground cover is converted to impervious surfaces such as


paved highways, streets, rooftops, and parking lots, the natural absorption and infiltration


abilities of the land are lost. Therefore, runoff leaving a developed urban area is significantly


greater in runoff volume, velocity, and peak flow rate than pre-development runoff from the


same area. Runoff durations can also increase as a result of flood control and other efforts to


control peak flow rates. Increased volume, velocity, rate, and duration of runoff greatly


accelerate the erosion of downstream natural channels. Significant declines in the biological


integrity and physical habitat of streams and other receiving waters have been found to occur
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with as little as a 10% conversion from natural to impervious surfaces. The increased runoff


characteristics from new development must be controlled to protect against increased erosion


of channel beds and banks, sediment pollutant generation, or other impacts to beneficial uses


and stream habitat due to increased erosive force.


9. Urban development creates new pollution sources as human population density increases and


brings with it proportionately higher levels of car emissions, car maintenance wastes,


municipal sewage, pesticides, household hazardous wastes, pet wastes, trash, etc. which can


either be washed or directly dumped into the MS4. As a result, the runoff leaving the


developed urban area is significantly greater in pollutant load than the pre-development


runoff from the same area. These increased pollutant loads must be controlled to protect


downstream receiving water quality.


10. Development and urbanization especially threaten environmentally sensitive areas (ESAs),


such as water bodies designated as supporting a RARE beneficial use (supporting rare,


threatened or endangered species) and CWA 303(d) impaired water bodies. Such areas have


a much lower capacity to withstand pollutant shocks than might be acceptable in the general


circumstance. In essence, development that is ordinarily insignificant in its impact on the


environment may become significant in a particular sensitive environment. Therefore,


additional control to reduce pollutants from new and existing development may be necessary


for areas adjacent to or discharging directly to an ESA.


11. Although dependent on several factors, the risks typically associated with properly managed


infiltration of runoff (especially from residential land use areas) are not significant. The risks


associated with infiltration can be managed by many techniques, including (1) designing


landscape drainage features that promote infiltration of runoff, but do not “inject” runoff


(injection bypasses the natural processes of filtering and transformation that occur in the soil);


(2) taking reasonable steps to prevent the illegal disposal of wastes; (3) protecting footings


and foundations; and (4) ensuring that each drainage feature is adequately maintained in


perpetuity.


D. URBAN RUNOFF MANAGEMENT PROGRAMS


1. General


a. This Order specifies requirements necessary for the Copermittees to reduce the


discharge of pollutants in urban runoff to the maximum extent practicable (MEP).


However, since MEP is a dynamic performance standard which evolves over time as


urban runoff management knowledge increases, the Copermittees’ urban runoff


management programs must continually be assessed and modified to incorporate


improved programs, control measures, best management practices (BMPs), etc. in


order to achieve the evolving MEP standard. Absent evidence to the contrary, this


continual assessment, revision, and improvement of urban runoff management


program implementation is expected to ultimately achieve compliance with water


quality standards.


b. Although the Copermittees have generally been implementing the jurisdictional


urban runoff management programs required pursuant to Order No. 2001-01 since


February 21, 2002, urban runoff discharges continue to cause or contribute to


violations of water quality standards. This Order contains new or modified


requirements that are necessary to improve Copermittees’ efforts to reduce the


discharge of pollutants in urban runoff to the MEP and achieve water quality
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standards. Some of the new or modified requirements, such as the expanded


Watershed Urban Runoff Management Program section, are designed to specifically


address these high priority water quality problems. Other new or modified


requirements address program deficiencies that have been noted during audits, report


reviews, and other Regional Board compliance assessment activities.


c. Updated Jurisdictional Urban Runoff Management Plans (JURMPs) and Watershed


Urban Runoff Management Plans (WURMPs), and a new Regional Urban Runoff


Management Plan (RURMP), which describe the Copermittees’ urban runoff


management programs in their entirety, are needed to guide the Copermittees’ urban


runoff management efforts and aid the Copermittees in tracking urban runoff


management program implementation. It is practicable for the Copermittees to


update the JURMPs and WURMPs, and create the RURMP, within one year, since


significant efforts to develop these programs have already occurred.


d. Pollutants can be effectively reduced in urban runoff by the application of a


combination of pollution prevention, source control, and treatment control BMPs.


Pollution prevention is the reduction or elimination of pollutant generation at its


source and is the best “first line of defense”. Source control BMPs (both structural


and non-structural) minimize the contact between pollutants and flows (e.g.,


rerouting run-on around pollutant sources or keeping pollutants on-site and out of


receiving waters). Treatment control BMPs remove pollutants from urban runoff.


e. Urban runoff needs to be addressed during the three major phases of development


(planning, construction, and use) in order to reduce the discharge of pollutants to the


MEP and protect receiving waters. Development which is not guided by water


quality planning policies and principles can unnecessarily result in increased


pollutant load discharges, flow rates, and flow durations which can impact receiving


water beneficial uses. Construction sites without adequate BMP implementation


result in sediment runoff rates which greatly exceed natural erosion rates of


undisturbed lands, causing siltation and impairment of receiving waters. Existing


development generates substantial pollutant loads which are discharged in urban


runoff to receiving waters.


f. Annual reporting requirements included in this Order are necessary to meet federal


requirements and to evaluate the effectiveness and compliance of the Copermittees’


programs.


2. Development Planning


a. The Standard Urban Storm Water Mitigation Plan (SUSMP) requirements contained


in this Order are consistent with Order WQ-2000-11 adopted by the SWRCB on


October 5, 2000. In the precedential order, the SWRCB found that the design


standards, which essentially require that urban runoff generated by 85 percent of


storm events from specific development categories be infiltrated or treated, reflect the


MEP standard. The order also found that the SUSMP requirements are appropriately


applied to the majority of the Priority Development Project categories contained in


Section D.1 of this Order. The SWRCB also gave Regional Water Quality Control


Boards the discretion to include additional categories and locations, such as retail


gasoline outlets (RGOs), in future SUSMPs.
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b. Controlling urban runoff pollution by using a combination of onsite source control


and Low Impact Development (LID) BMPs augmented with treatment control BMPs


before the runoff enters the MS4 is important for the following reasons: (1) Many


end-of-pipe BMPs (such as diversion to the sanitary sewer) are typically ineffective


during significant storm events. Whereas, onsite source control BMPs can be applied


during all runoff conditions; (2) End-of-pipe BMPs are often incapable of capturing


and treating the wide range of pollutants which can be generated on a sub-watershed


scale; (3) End-of-pipe BMPs are more effective when used as polishing BMPs, rather


than the sole BMP to be implemented; (4) End-of-pipe BMPs do not protect the


quality or beneficial uses of receiving waters between the source and the BMP; and


(5) Offsite end-of-pipe BMPs do not aid in the effort to educate the public regarding


sources of pollution and their prevention.


c. Use of LID BMPs at new development projects can be an effective means for


minimizing the impact of urban runoff discharges from the development projects on


receiving waters. LID BMPs help preserve and restore the natural hydrologic cycle


of the site, allowing for filtration and infiltration which can greatly reduce the


volume, peak flow rate, velocity, and pollutant loads of urban runoff.


d. Retail Gasoline Outlets (RGOs) are significant sources of pollutants in urban runoff.


RGOs are points of convergence for motor vehicles for automotive related services


such as repair, refueling, tire inflation, and radiator fill-up and consequently produce


significantly higher loadings of hydrocarbons and trace metals (including copper and


zinc) than other urban areas. To meet MEP, LID, source control, and treatment


control BMPs are needed at RGOs that meet the following criteria: (a) 5,000 square


feet or more, or (b) a projected Average Daily Traffic (ADT) of 100 or more vehicles


per day. These are appropriate thresholds since vehicular development size and


volume of traffic are good indicators of potential impacts of urban runoff from RGOs


on receiving waters.


e. Sites of heavy industry are significant sources of pollutants in urban runoff. Pollutant


concentrations and loads in runoff from industrial sites are similar or exceed pollutant


concentrations and loads in runoff from other land uses, such as commercial or


residential land uses. As with other land uses, LID, source control, and treatment


control BMPs are needed at sites of heavy industry in order to meet the MEP


standard. These BMPs are necessary where the site of heavy industry is larger than


one acre. The one acre threshold is appropriate, since it is consistent with


requirements in the Phase II NPDES storm water regulations.


f. If not properly designed or maintained, certain BMPs implemented or required by


municipalities for urban runoff management may create a habitat for vectors (e.g.


mosquitoes and rodents). However, proper BMP design and maintenance can


prevent the creation of vector habitat. Nuisances and public health impacts resulting


from vector breeding can be prevented with close collaboration and cooperative


effort between municipalities and local vector control agencies and the State


Department of Health Services during the development and implementation of urban


runoff management programs.


3. Construction and Existing Development


a. In accordance with federal NPDES regulations and to ensure the most effective


oversight of industrial and construction site discharges, discharges of runoff from
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industrial and construction sites are subject to dual (state and local) storm water


regulation. Under this dual system, the Regional Board is responsible for enforcing


the General Construction Activities Storm Water Permit, SWRCB Order 99-08


DWQ, NPDES No. CAS000002 (General Construction Permit) and the General


Industrial Activities Storm Water Permit, SWRCB Order 97-03 DWQ, NPDES No.


CAS000001 (General Industrial Permit), and each municipal Copermittee is


responsible for enforcing its local permits, plans, and ordinances, which may require


the implementation of additional BMPs than required under the statewide general


permits.


b. Identification of sources of pollutants in urban runoff (such as municipal areas and


activities, industrial and commercial sites/sources, construction sites, and residential


areas), development and implementation of BMPs to address those sources, and


updating ordinances and approval processes are necessary for the Copermittees to


ensure that discharges of pollutants into and from its MS4 are reduced to the MEP.


Inspections and other compliance verification methods are needed to ensure


minimum BMPs are implemented. Inspections are especially important at high risk


areas for pollutant discharges.


c. Historic and current development makes use of natural drainage patterns and features


as conveyances for urban runoff. Urban streams used in this manner are part of the


municipalities MS4 regardless of whether they are natural, man-made, or partially


modified features. In these cases, the urban stream is both an MS4 and a receiving


water.


d. As operators of the MS4s, the Copermittees cannot passively receive and discharge


pollutants from third parties. By providing free and open access to an MS4 that


conveys discharges to waters of the U.S., the operator essentially accepts


responsibility for discharges into the MS4 that it does not prohibit or control. These


discharges may cause or contribute to a condition of contamination or a violation of


water quality standards.


e. Waste and pollutants which are deposited and accumulate in MS4 drainage structures


will be discharged from these structures to waters of the U.S. unless they are


removed or treated. These discharges may cause or contribute to, or threaten to cause


or contribute to, a condition of pollution in receiving waters. For this reason,


pollutant discharges into MS4s must be reduced to the MEP unless treatment within


the MS4 occurs.


f. Enforcement of local urban runoff related ordinances, permits, and plans is an


essential component of every urban runoff management program and is specifically


required in the federal storm water regulations and this Order. Each Copermittee is


individually responsible for adoption and enforcement of ordinances and/or policies,


implementation of identified control measures/BMPs needed to prevent or reduce


pollutants in storm water runoff, and for the allocation of funds for the capital,


operation and maintenance, administrative, and enforcement expenditures necessary


to implement and enforce such control measures/BMPs under its jurisdiction.


g. Education is an important aspect of every effective urban runoff management


program and the basis for changes in behavior at a societal level. Education of


municipal planning, inspection, and maintenance department staffs is especially


critical to ensure that in-house staffs understand how their activities impact water
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quality, how to accomplish their jobs while protecting water quality, and their


specific roles and responsibilities for compliance with this Order. Public education,


designed to target various urban land users and other audiences, is also essential to


inform the public of how individual actions impact receiving water quality and how


these impacts can be minimized.


h. Public participation during the development of urban runoff management programs is


necessary to ensure that all stakeholder interests and a variety of creative solutions


are considered.


4. Watershed and Regional Urban Runoff Management


a. Since urban runoff does not recognize political boundaries, watershed-based urban


runoff management can greatly enhance the protection of receiving waters within a


watershed. Such management provides a means to focus on the most important water


quality problems in each watershed. By focusing on the most important water quality


problems, watershed efforts can maximize protection of beneficial use in an efficient


manner. Effective watershed-based urban runoff management actively reduces


pollutant discharges and abates pollutant sources causing or contributing to


watershed water quality problems; watershed-based urban runoff management that


does not actively reduce pollutant discharges and abate pollutant sources causing or


contributing to watershed water quality problems can necessitate implementation of


the iterative process outlined in section A.3 of the Order. Watershed management of


urban runoff does not require Copermittees to expend resources outside of their


jurisdictions. Watershed management requires the Copermittees within a watershed


to develop a watershed-based management strategy, which can then be implemented


on a jurisdictional basis.


b. Some urban runoff issues, such as residential education, can be effectively addressed


on a regional basis. Regional approaches to urban runoff management can improve


program consistency and promote sharing of resources, which can result in


implementation of more efficient programs.


c. Both regionally and on a watershed basis, it is important for the Copermittees to


coordinate their water quality protection and land use planning activities to achieve


the greatest protection of receiving water bodies. Copermittee coordination with


other watershed stakeholders, especially Caltrans, the Department of Defense, and


Native American Tribes, is also important. Establishment of a management


structure, within which the Copermittees subject to this Order will fund and


coordinate those aspects of their joint obligations, will help promote implementation


of urban runoff management programs on a watershed and regional basis in a most


cost effective manner.


E. STATUTE AND REGULATORY CONSIDERATIONS


1. The Receiving Water Limitations (RWL) language specified in this Order is consistent with


language recommended by the USEPA and established in SWRCB Water Quality Order 99-


05, adopted by the SWRCB on June 17, 1999. The RWL in this Order require compliance


with water quality standards, which is to be achieved through an iterative approach requiring


the implementation of improved and better-tailored BMPs over time. Compliance with


receiving water limits based on applicable water quality standards is necessary to ensure that


MS4 discharges will not cause or contribute to violations of water quality standards and the
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creation of conditions of pollution.


2. The Water Quality Control Plan for the San Diego Basin (Basin Plan), identifies the


following beneficial uses for surface waters in San Diego County: Municipal and Domestic


Supply (MUN), Agricultural Supply (AGR), Industrial Process Supply (PROC), Industrial


Service Supply (IND), Ground Water Recharge (GWR), Contact Water Recreation (REC1)


Non-contact Water Recreation (REC2), Warm Freshwater Habitat (WARM), Cold


Freshwater Habitat (COLD), Wildlife Habitat (WILD), Rare, Threatened, or Endangered


Species (RARE), Freshwater Replenishment (FRSH), Hydropower Generation (POW), and


Preservation of Biological Habitats of Special Significance (BIOL). The following additional


beneficial uses are identified for coastal waters of San Diego County: Navigation (NAV),


Commercial and Sport Fishing (COMM), Estuarine Habitat (EST), Marine Habitat (MAR),


Aquaculture (AQUA), Migration of Aquatic Organisms (MIGR), Spawning, Reproduction,


and/or Early Development (SPWN), and Shellfish Harvesting (SHELL).


3. This Order is in conformance with SWRCB Resolution No. 68-16 and the federal


Antidegradation Policy described in 40 CFR 131.12.


4. Section 6217(g) of the Coastal Zone Act Reauthorization Amendments of 1990 (CZARA)


requires coastal states with approved coastal zone management programs to address non-


point pollution impacting or threatening coastal water quality. CZARA addresses five


sources of non-point pollution: agriculture, silviculture, urban, marinas, and


hydromodification. This NPDES permit addresses the management measures required for the


urban category, with the exception of septic systems. The adoption and implementation of


this NPDES permit relieves the Permittee from developing a non-point source plan, for the


urban category, under CZARA. The Regional Board addresses septic systems through the


administration of other programs.


5. Section 303(d)(1)(A) of the CWA requires that “Each state shall identify those waters within


its boundaries for which the effluent limitations…are not stringent enough to implement any


water quality standard (WQS) applicable to such waters.” The CWA also requires states to


establish a priority ranking of impaired waterbodies known as Water Quality Limited


Segments and to establish Total Maximum Daily Loads (TMDLs) for such waters. This


priority list of impaired waterbodies is called the Section 303(d) List. The current Section


303(d) List was approved by the SWRCB on February 4, 2003 and on July 25, 2003 by


USEPA.


6. This Order fulfills a component of the TMDL Implementation Plan adopted by this Regional


Board on August 14, 2002 for diazinon in Chollas Creek by establishing Water Quality Based


Effluent Limits (WQBELs) for the Cities of San Diego, Lemon Grove, and La Mesa, the


County of San Diego, and the San Diego Unified Port District; and by requiring: 1) legal


authority, 2) implementation of a diazinon toxicity control plan and a diazinon public


outreach/ education program, 3) achievement of the Compliance Schedule, and 4) a


monitoring program. The establishment of WQBELs expressed as iterative BMPs to achieve


the Waste Load Allocation (WLA) compliance schedule is appropriate and is expected to be


sufficient to achieve the WLAs specified in the TMDL.


7. This Order fulfills a component of the TMDL Implementation Plan adopted by this Regional


Board on February 9, 2005 for dissolved copper in Shelter Island Yacht Basin (SIYB) by


establishing WQBELs expressed as BMPs to achieve the WLA of 30 kg copper / year for the


City of San Diego and the San Diego Unified Port District. The establishment of WQBELs


expressed as BMPs is appropriate and is expected to be sufficient to achieve the WLA
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specified in the TMDL.


8. This Order establishes WQBELs and conditions consistent with the requirements and


assumptions of the WLAs in the TMDLs as required by 40 CFR 122.44(d)(1)(vii)(B).


9. Requirements in this Order that are more explicit than the federal storm water regulations in


40 CFR 122.26 are prescribed in accordance with the CWA section 402(p)(3)(B)(iii) and are


necessary to meet the MEP standard.


10. Urban runoff treatment and/or mitigation must occur prior to the discharge of urban runoff


into a receiving water. Federal regulations at 40 CFR 131.10(a) state that in no case shall a


state adopt waste transport or waste assimilation as a designated use for any waters of the


U.S. Authorizing the construction of an urban runoff treatment facility within a water of the


U.S., or using the water body itself as a treatment system or for conveyance to a treatment


system, would be tantamount to accepting waste assimilation as an appropriate use for that


water body. Furthermore, the construction, operation, and maintenance of a pollution control


facility in a water body can negatively impact the physical, chemical, and biological integrity,


as well as the beneficial uses, of the water body. This is consistent with USEPA guidance to


avoid locating structural controls in natural wetlands.


11. The issuance of waste discharge requirements and an NPDES permit for the discharge of


urban runoff from MS4s to waters of the U.S. is exempt from the requirement for preparation


of environmental documents under the California Environmental Quality Act (CEQA)


(Public Resources Code, Division 13, Chapter 3, section 21000 et seq.) in accordance with


the CWC section 13389.


F. PUBLIC PROCESS


1. The Regional Board has notified the Copermittees, all known interested parties, and the


public of its intent to consider adoption of an Order prescribing waste discharge requirements


that would serve to renew an NPDES permit for the existing discharge of urban runoff.


2. The Regional Board has, at public meetings on (date), held public hearings and heard and


considered all comments pertaining to the terms and conditions of this Order.


IT IS HEREBY ORDERED that the Copermittees, in order to meet the provisions contained in


Division 7 of the California Water Code (CWC) and regulations adopted thereunder, and the


provisions of the Clean Water Act (CWA) and regulations adopted thereunder, shall each comply


with the following:


A. PROHIBITIONS AND RECEIVING WATER LIMITATIONS


1. Discharges into and from municipal separate storm sewer systems (MS4s) in a manner


causing, or threatening to cause, a condition of pollution, contamination, or nuisance (as


defined in CWC section 13050), in waters of the state are prohibited.


2. Discharges from MS4s containing pollutants which have not been reduced to the


maximum extent practicable (MEP) are prohibited.
2


2
This prohibition does not apply to MS4 discharges which receive subsequent treatment to reduce


pollutants to the MEP prior to entering receiving waters (e.g., low flow diversions to the sanitary sewer).
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3. Discharges from MS4s that cause or contribute to the violation of water quality standards


(designated beneficial uses and water quality objectives developed to protect beneficial


uses) are prohibited.


a. Each Copermittee shall comply with section A.3 and section A.4 as it applies to


Prohibition 5 in Attachment A of this Order through timely implementation of


control measures and other actions to reduce pollutants in urban runoff discharges in


accordance with the Jurisdictional Urban Runoff Management Program and other


requirements of this Order including any modifications. The Jurisdictional Urban


Runoff Management Program shall be designed to achieve compliance with section


A.3 and section A.4 as it applies to Prohibition 5 in Attachment A of this Order. If


exceedance(s) of water quality standards persist notwithstanding implementation of


the Jurisdictional Urban Runoff Management Program and other requirements of this


Order, the Copermittee shall assure compliance with section A.3 and section A.4 as it


applies to Prohibition 5 in Attachment A of this Order by complying with the


following procedure:


(1) Upon a determination by either the Copermittee or the Regional Board that MS4


discharges are causing or contributing to an exceedance of an applicable water


quality standard, the Copermittee shall promptly notify and thereafter submit a


report to the Regional Board that describes best management practices (BMPs)


that are currently being implemented and additional BMPs that will be


implemented to prevent or reduce any pollutants that are causing or contributing


to the exceedance of water quality standards. The report may be incorporated in


the annual update to the Jurisdictional Urban Runoff Management Program


unless the Regional Board directs an earlier submittal. The report shall include


an implementation schedule. The Regional Board may require modifications to


the report;


(2) Submit any modifications to the report required by the Regional Board within 30


days of notification;


(3) Within 30 days following approval of the report described above by the Regional


Board, the Copermittee shall revise its Jurisdictional Urban Runoff Management


Program and monitoring program to incorporate the approved modified BMPs


that have been and will be implemented, the implementation schedule, and any


additional monitoring required;


(4) Implement the revised Jurisdictional Urban Runoff Management Program and


monitoring program in accordance with the approved schedule.


b. So long as the Copermittee has complied with the procedures set forth above and is


implementing the revised Jurisdictional Urban Runoff Management Program, the


Copermittee does not have to repeat the same procedure for continuing or recurring


exceedances of the same receiving water limitations unless directed by the Regional


Board to do so.


c. Nothing in section A.3 shall prevent the Regional Board from enforcing any


provision of this Order while the Copermittee prepares and implements the above


report.
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4. In addition to the above prohibitions, discharges from MS4s are subject to all Basin Plan


prohibitions cited in Attachment A to this Order.


B. NON-STORM WATER DISCHARGES


1. Each Copermittee shall effectively prohibit all types of non-storm water discharges into


its MS4 unless such discharges are either authorized by a separate National Pollutant


Discharge Elimination System (NPDES) permit; or not prohibited in accordance with


sections B.2 and B.3 below.


2. The following categories of non-storm water discharges are not prohibited unless a


Copermittee or the Regional Board identifies the discharge category as a significant


source of pollutants to waters of the U.S. For such a discharge category, the Copermittee


shall either prohibit the discharge category or develop and implement appropriate control


measures to reduce the discharge of pollutants to the MEP and report to the Regional


Board pursuant to section J.


a. Diverted stream flows;


b. Rising ground waters;


c. Uncontaminated ground water infiltration [as defined at 40 CFR 35.2005(20)] to


MS4s;


d. Uncontaminated pumped ground water;


e. Foundation drains;


f. Springs;


g. Water from crawl space pumps;


h. Footing drains;


i. Air conditioning condensation;


j. Flows from riparian habitats and wetlands;


k. Water line flushing;


l. Landscape irrigation;


m. Discharges from potable water sources not subject to NPDES Permit No.


CAG679001, other than water main breaks;


n. Irrigation water;


o. Lawn watering;


p. Individual residential car washing; and


q. Dechlorinated swimming pool discharges.


3. Emergency fire fighting flows (i.e., flows necessary for the protection of life or property)


do not require BMPs and need not be prohibited. As part of the Jurisdictional Urban


Runoff Management Plan (JURMP), each Copermittee shall develop and implement a


program to reduce pollutants from non-emergency fire fighting flows (i.e., flows from


controlled or practice blazes and maintenance activities) identified by the Copermittee to


be significant sources of pollutants to waters of the United States.


4. Each Copermittee shall examine all dry weather field screening and analytical monitoring


results collected in accordance with section D.4 of this Order and Receiving Waters


Monitoring and Reporting Program No. R9-2007-0001 to identify water quality problems


which may be the result of any non-prohibited discharge category(ies) identified above in


section B.2. Follow-up investigations shall be conducted as necessary to identify and


control any non-prohibited discharge category(ies) listed above.
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C. LEGAL AUTHORITY


1. Each Copermittee shall establish, maintain, and enforce adequate legal authority to


control pollutant discharges into and from its MS4 through ordinance, statute, permit,


contract or similar means. This legal authority must, at a minimum, authorize the


Copermittee to:


a. Control the contribution of pollutants in discharges of runoff associated with


industrial and construction activity to its MS4 and control the quality of runoff from


industrial and construction sites. This requirement applies both to industrial and


construction sites which have coverage under the statewide general industrial or


construction storm water permits, as well as to those sites which do not. Grading


ordinances shall be upgraded and enforced as necessary to comply with this Order.


b. Prohibit all identified illicit discharges not otherwise allowed pursuant to section B.2


including but not limited to:


(1) Sewage;


(2) Discharges of wash water resulting from the hosing or cleaning of gas stations,


auto repair garages, or other types of automotive services facilities;


(3) Discharges resulting from the cleaning, repair, or maintenance of any type of


equipment, machinery, or facility including motor vehicles, cement-related


equipment, and port-a-potty servicing, etc.;


(4) Discharges of wash water from mobile operations such as mobile automobile


washing, steam cleaning, power washing, and carpet cleaning, etc.;


(5) Discharges of wash water from the cleaning or hosing of impervious surfaces in


municipal, industrial, commercial, and residential areas including parking lots,


streets, sidewalks, driveways, patios, plazas, work yards and outdoor eating or


drinking areas, etc.;


(6) Discharges of runoff from material storage areas containing chemicals, fuels,


grease, oil, or other hazardous materials;


(7) Discharges of pool or fountain water containing chlorine, biocides, or other


chemicals; discharges of pool or fountain filter backwash water;


(8) Discharges of sediment, pet waste, vegetation clippings, or other landscape or


construction-related wastes; and


(9) Discharges of food-related wastes (e.g., grease, fish processing, and restaurant


kitchen mat and trash bin wash water, etc.).


c. Prohibit and eliminate illicit connections to the MS4;


d. Control the discharge of spills, dumping, or disposal of materials other than storm


water to its MS4;


e. Require compliance with conditions in Copermittee ordinances, permits, contracts or


orders (i.e., hold dischargers to its MS4 accountable for their contributions of


pollutants and flows);


f. Utilize enforcement mechanisms to require compliance with Copermittee storm water


ordinances, permits, contracts, or orders;


g. Control the contribution of pollutants from one portion of the shared MS4 to another


portion of the MS4 through interagency agreements among Copermittees. Control of
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the contribution of pollutants from one portion of the shared MS4 to another portion


of the MS4 through interagency agreements with other owners of the MS4 such as


Caltrans, the Department of Defense, or Native American Tribes is encouraged;


h. Carry out all inspections, surveillance, and monitoring necessary to determine


compliance and noncompliance with local ordinances and permits and with this


Order, including the prohibition on illicit discharges to the MS4. This means the


Copermittee must have authority to enter, monitor, inspect, take measurements,


review and copy records, and require regular reports from industrial facilities


discharging into its MS4, including construction sites;


i. Require the use of BMPs to prevent or reduce the discharge of pollutants into MS4s


to the MEP; and


j. Require documentation on the effectiveness of BMPs implemented to reduce the


discharge of pollutants to the MS4 to the MEP.


2. Each Permittee shall include as part of its JURMP a statement certified by its chief legal


counsel that the Copermittee has taken the necessary steps to obtain and maintain full


legal authority to implement and enforce each of the requirements contained in 40 CFR


122.26(d)(2)(i)(A-F) and this Order. This statement shall include:


a. Identification of all departments within the jurisdiction that conduct urban runoff


related activities, and their roles and responsibilities under this Order. Include an up


to date organizational chart specifying these departments and key personnel.


b. Citation of urban runoff related ordinances and the reasons they are enforceable;


c. Identification of the local administrative and legal procedures available to mandate


compliance with urban runoff related ordinances and therefore with the conditions of


this Order;


d. A description of how urban runoff related ordinances are implemented and appealed;


and


e. Description of whether the municipality can issue administrative orders and


injunctions or if it must go through the court system for enforcement actions.


D. JURISDICTIONAL URBAN RUNOFF MANAGEMENT PROGRAM


Each Copermittee shall implement all requirements of section D of this Order no later than


365 days after adoption of the Order, unless otherwise specified in this Order. Prior to 365


days after adoption of the Order, each Copermittee shall at a minimum implement its


Jurisdictional URMP document, as the document was developed and amended to comply


with the requirements of Order No. 2001-01.


Each Copermittee shall develop and implement an updated Jurisdictional Urban Runoff


Management Program for its jurisdiction. Each updated Jurisdictional Urban Runoff


Management Program shall meet the requirements of section D of this Order, reduce the


discharge of pollutants from the MS4 to the MEP, and prevent urban runoff discharges from


the MS4 from causing or contributing to a violation of water quality standards.
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1. Development Planning Component


Each Copermittee shall implement a program which meets the requirements of this


section and (1) reduces Development Project discharges of pollutants from the MS4 to


the MEP, (2) prevents Development Project discharges from the MS4 from causing or


contributing to a violation of water quality standards, and (3) manages increases in runoff


discharge rates and durations from Development Projects that are likely to cause


increased erosion of stream beds and banks, silt pollutant generation, or other impacts to


beneficial uses and stream habitat due to increased erosive force.


a. GENERAL PLAN


Each Copermittee shall revise as needed its General Plan or equivalent plan (e.g.,


Comprehensive, Master, or Community Plan) for the purpose of providing effective


water quality and watershed protection principles and policies that direct land-use


decisions and require implementation of consistent water quality protection measures


for Development Projects.


b. ENVIRONMENTAL REVIEW PROCESS


Each Copermittee shall revise as needed their current environmental review


processes to accurately evaluate water quality impacts and cumulative impacts and


identify appropriate measures to avoid, minimize and mitigate those impacts for all


Development Projects.


c. APPROVAL PROCESS CRITERIA AND REQUIREMENTS FOR ALL DEVELOPMENT


PROJECTS


For all proposed Development Projects, each Copermittee during the planning


process and prior to project approval and issuance of local permits shall prescribe the


necessary requirements so that Development Project discharges of pollutants from


the MS4 will be reduced to the MEP, will not cause or contribute to a violation of


water quality standards, and will comply with Copermittee’s ordinances, permits,


plans, and requirements, and with this Order. The requirements shall include, but not


be limited to, implementation by the project proponent of the following:


(1) Source control BMPs that reduce storm water pollutants of concern in urban


runoff, including storm drain system stenciling and signage, properly designed


outdoor material storage areas, properly designed trash storage areas, and


implementation of efficient irrigation systems;


(2) LID BMPs where feasible which maximize infiltration, provide retention, slow


runoff, minimize impervious footprint, direct runoff from impervious areas into


landscaping, and construct impervious surfaces to minimum widths necessary;


(3) Buffer zones for natural water bodies, where feasible. Where buffer zones are


infeasible, require project proponent to implement other buffers such as trees,


access restrictions, etc., where feasible;


(4) Measures necessary so that grading or other construction activities meet the


provisions specified in section D.2 of this Order; and


(5) Submittal of proof of a mechanism under which ongoing long-term maintenance


of all structural post-construction BMPs will be conducted.
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d. STANDARD URBAN STORM WATER MITIGATION PLANS (SUSMPS) – APPROVAL


PROCESS CRITERIA AND REQUIREMENTS FOR PRIORITY DEVELOPMENT PROJECTS


Each Copermittee shall implement an updated local SUSMP which meets the


requirements of section D.1.d of this Order and (1) reduces Priority Development


Project discharges of pollutants from the MS4 to the MEP, (2) prevents Priority


Development Project runoff discharges from the MS4 from causing or contributing to


a violation of water quality standards, and (3) manages increases in runoff discharge


rates and durations from Priority Development Projects that are likely to cause


increased erosion of stream beds and banks, silt pollutant generation, or other impacts


to beneficial uses and stream habitat due to increased erosive force.
3


(1) Definition of Priority Development Project


(a) Priority Development Projects are: a) all new Development Projects that fall


under the project categories or locations listed in section D.1.d.(2), and b)


those redevelopment projects that create, add or replace at least 5,000 square


feet of impervious surfaces on an already developed site that falls under the


project categories or locations listed in section D.1.d.(2). Where


redevelopment results in an increase of less than fifty percent of the


impervious surfaces of a previously existing development, and the existing


development was not subject to SUSMP requirements, the numeric sizing


criteria discussed in section D.1.d.(6)(c) applies only to the addition, and not


to the entire development. Where redevelopment results in an increase of


more than fifty percent of the impervious surfaces of a previously existing


development, the numeric sizing criteria applies to the entire development.


Where a new Development Project feature, such as a parking lot, falls into a


Priority Development Project Category, the entire project footprint is subject


to SUSMP requirements.


(b) In addition to the Priority Development Project Categories identified in


section D.1.d.(2), within three years of adoption of this Order Priority


Development Projects shall also include all other pollutant generating


Development Projects that result in the disturbance of one acre or more of


land.
4


As an alternative to this one acre threshold, the Copermittees may


collectively identify a different threshold, provided the Copermittees’


threshold is at least as inclusive of Development Projects as the one acre


threshold.


3
Updated SUSMP and hydromodification requirements shall apply to all priority projects or phases of


priority projects which have not yet begun grading or construction activities at the time any updated


SUSMP or hydromodification requirement commences. If a Copermittee determines that lawful prior


approval of a project exists, whereby application of an updated SUSMP or hydromodification requirement


to the project is infeasible, the updated SUSMP or hydromodification requirement need not apply to the


project. Where feasible, the Copermittees shall utilize the SUSMP and hydromodification update periods


to ensure that projects undergoing approval processes include application of the updated SUSMP and


hydromodification requirements in their plans.
4


Pollutant generating Development Projects are those projects that generate pollutants at levels greater than


background levels.
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(2) Priority Development Project Categories


(a) Housing subdivisions of 10 or more dwelling units. This category includes


single-family homes, multi-family homes, condominiums, and apartments.


(b) Commercial developments greater than one acre. This category is defined as


any development on private land that is not for heavy industrial or residential


uses where the land area for development is greater than one acre. The


category includes, but is not limited to: hospitals; laboratories and other


medical facilities; educational institutions; recreational facilities; municipal


facilities; commercial nurseries; multi-apartment buildings; car wash


facilities; mini-malls and other business complexes; shopping malls; hotels;


office buildings; public warehouses; automotive dealerships; airfields; and


other light industrial facilities.


(c) Developments of heavy industry greater than one acre. This category


includes, but is not limited to, manufacturing plants, food processing plants,


metal working facilities, printing plants, and fleet storage areas (bus, truck,


etc.).


(d) Automotive repair shops. This category is defined as a facility that is


categorized in any one of the following Standard Industrial Classification


(SIC) codes: 5013, 5014, 5541, 7532-7534, or 7536-7539.


(e) Restaurants. This category is defined as a facility that sells prepared foods


and drinks for consumption, including stationary lunch counters and


refreshment stands selling prepared foods and drinks for immediate


consumption (SIC code 5812), where the land area for development is


greater than 5,000 square feet. Restaurants where land development is less


than 5,000 square feet shall meet all SUSMP requirements except for


structural treatment BMP and numeric sizing criteria requirement


D.1.d.(6)(c) and hydromodification requirement D.1.g.


(f) All hillside development greater than 5,000 square feet. This category is


defined as any development which creates 5,000 square feet of impervious


surface which is located in an area with known erosive soil conditions, where


the development will grade on any natural slope that is twenty-five percent or


greater.


(g) Environmentally Sensitive Areas (ESAs). All development located within or


directly adjacent to or discharging directly to an ESA (where discharges from


the development or redevelopment will enter receiving waters within the


ESA), which either creates 2,500 square feet of impervious surface on a


proposed project site or increases the area of imperviousness of a proposed


project site to 10% or more of its naturally occurring condition. “Directly


adjacent” means situated within 200 feet of the ESA. “Discharging directly


to” means outflow from a drainage conveyance system that is composed


entirely of flows from the subject development or redevelopment site, and


not commingled with flows from adjacent lands.


(h) Parking lots 5,000 square feet or more or with 15 or more parking spaces and


potentially exposed to urban runoff. Parking lot is defined as a land area or


facility for the temporary parking or storage of motor vehicles used


personally, for business, or for commerce.


(i) Street, roads, highways, and freeways. This category includes any paved


surface that is 5,000 square feet or greater used for the transportation of


automobiles, trucks, motorcycles, and other vehicles.


(j) Retail Gasoline Outlets (RGOs). This category includes RGOs that meet the


following criteria: (a) 5,000 square feet or more or (b) a projected Average
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Daily Traffic (ADT) of 100 or more vehicles per day.


(3) Pollutants of Concern


As part of its local SUSMP, each Copermittee shall develop and implement a


procedure for pollutants of concern to be identified for each Priority


Development Project. The procedure shall address, at a minimum: (1) Receiving


water quality (including pollutants for which receiving waters are listed as


impaired under CWA section 303(d)); (2) Land use type of the Development


Project and pollutants associated with that land use type; and (3) Pollutants


expected to be present on site.


(4) Low Impact Development (LID) BMP Requirements


Each Copermittee shall require each Priority Development Project to implement


LID BMPs which will collectively minimize directly connected impervious areas


and promote infiltration at Priority Development Projects:


(a) The following LID site design BMPs shall be implemented at all Priority


Development Projects as required below:


i. For Priority Development Projects with landscaped or other pervious


areas, drain a portion of impervious areas (rooftops, parking lots,


sidewalks, walkways, patios, etc) into pervious areas prior to discharge


to the MS4. The amount of runoff from impervious areas that is to drain


to pervious areas shall correspond with the total capacity of the project’s


pervious areas to infiltrate or treat runoff, taking into consideration the


pervious areas’ soil conditions, slope, and other pertinent factors.


ii. For Priority Development Projects with landscaped or other pervious


areas, properly design and construct the pervious areas to effectively


receive and infiltrate or treat runoff from impervious areas, taking into


consideration the pervious areas’ soil conditions, slope, and other


pertinent factors.


iii. For Priority Development Projects with low traffic areas and appropriate


soil conditions, construct a portion of walkways, trails, overflow parking


lots, alleys, or other low-traffic areas with permeable surfaces, such as


pervious concrete, porous asphalt, unit pavers, and granular materials.


(b) The following LID BMPs listed below shall be implemented at all Priority


Development Projects where applicable and feasible.


i. Conserve natural areas, including existing trees, other vegetation, and


soils.


ii. Construct streets, sidewalks, or parking lot aisles to the minimum widths


necessary, provided that public safety and a walkable environment for


pedestrians are not compromised.


iii. Minimize the impervious footprint of the project.


iv. Minimize soil compaction.


v. Minimize disturbances to natural drainages (e.g., natural swales,


topographic depressions, etc.)
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(5) Source Control BMP Requirements


Each Copermittee shall require each Priority Development Project to implement


source control BMPs. The source control BMPs to be required shall:


(a) Minimize storm water pollutants of concern in urban runoff.


(b) Include storm drain system stenciling or signage.


(c) Include properly designed outdoor material storage areas.


(d) Include properly designed trash storage areas.


(e) Include efficient irrigation systems.


(f) Include water quality requirements applicable to individual priority project


categories.


(6) Treatment Control BMP Requirements
5


Each Copermittee shall require each Priority Development Project to implement


treatment control BMPs which meet the following treatment control BMP


requirements:


(a) Treatment control BMPs for all Priority Development Projects shall mitigate


(infiltrate, filter, or treat) the required volume or flow of runoff (identified in


section D.1.d.(6)(c)) from all developed portions of the project, including


landscaped areas.


(b) All treatment control BMPs shall be located so as to infiltrate, filter, or treat


the required runoff volume or flow prior to its discharge to any waters of the


U.S. Multiple Priority Development Projects may use shared treatment


control BMPs as long as construction of any shared treatment control BMP is


completed prior to the use or occupation of any Priority Development Project


from which the treatment control BMP will receive runoff.


(c) All treatment control BMPs for a single Priority Development Project shall


collectively be sized to comply with the following numeric sizing criteria:


i. Volume-based treatment control BMPs shall be designed to mitigate


(infiltrate, filter, or treat) the volume of runoff produced from a 24-hour


85th percentile storm event, as determined from the County of San


Diego’s 85th Percentile Precipitation Isopluvial Map; or


ii. Flow-based treatment control BMPs shall be designed to mitigate


(infiltrate, filter, or treat) either: a) the maximum flow rate of runoff


produced from a rainfall intensity of 0.2 inch of rainfall per hour, for


each hour of a storm event; or b) the maximum flow rate of runoff


produced by the 85th percentile hourly rainfall intensity (for each hour of


a storm event), as determined from the local historical rainfall record,


multiplied by a factor of two.


5
LID BMPs that are correctly designed to effectively infiltrate, filter, or treat runoff can be considered


treatment control BMPs.
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(d) All treatment control BMPs for Priority Development Projects shall, at a


minimum:


i. Be ranked with a high or medium pollutant removal efficiency for the


project’s most significant pollutants of concern, as the pollutant removal


efficiencies are identified in the Copermittees’ Model SUSMP and the


most current updates thereto. Treatment control BMPs with a low


removal efficiency ranking shall only be approved by a Copermittee


when a feasibility analysis has been conducted which exhibits that


implementation of treatment control BMPs with high or medium removal


efficiency rankings are infeasible for a Priority Development Project or


portion of a Priority Development Project.


ii. Be correctly sized and designed so as to remove pollutants to the MEP.


iii. Target removal of pollutants of concern from urban runoff.


iv. Be implemented close to pollutant sources (where shared BMPs are not


proposed), and prior to discharging into waters of the U.S.


v. Not be constructed within a receiving water.


vi. Include proof of a mechanism, to be provided by the project proponent or


Copermittee, under which ongoing long-term maintenance will be


conducted.


(7) Update of SUSMP BMP Requirements


The Copermittees shall collectively review and update the BMP requirements


that are listed in their local SUSMPs. At a minimum, the update shall include


removal of obsolete or ineffective BMPs, addition of LID and source control


BMP requirements that meet or exceed the requirements of sections D.1.d.(4) and


D.1.d.(5), and addition of LID BMPs that can be used for treatment, such as


bioretention cells, bioretention swales, etc. The update shall also add appropriate


LID BMPs to any tables or discussions in the local SUSMPs addressing pollutant


removal efficiencies of treatment control BMPs. In addition, the update shall


include review, and revision where necessary, of treatment control BMP


pollutant removal efficiencies.


(8) Update of SUSMPs to Incorporate LID and Other BMP Requirements


(a) In addition to the implementation of the BMP requirements of sections


D.1.d.(4-7) within one year of adoption of this Order, the Copermittees shall


also develop and submit an updated Model SUSMP that defines minimum


LID and other BMP requirements to be incorporated into the Copermittees’


local SUSMPs for application to Priority Development Projects. The


purpose of the updated Model SUSMP shall be to establish minimum


standards to maximize the use of LID practices and principles in local


Copermittee programs as a means of reducing stormwater runoff. It shall


meet the following minimum requirements:


i. Establishment of LID BMP requirements that meet or exceed the


minimum requirements listed in section D.1.d.(4) above.


ii. Establishment of source control BMP requirements that meet or exceed


the minimum requirements listed in section D.1.d.(5) above.


iii. Establishment of treatment control BMP requirements that meet or


exceed the minimum requirements listed in section D.1.d.(6) above.
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iv. Establishment of siting, design, and maintenance criteria for each LID


and treatment control BMP listed in the Model SUSMP, so that


implemented LID and treatment control BMPs are constructed


correctly and are effective at pollutant removal and/or runoff control.


LID techniques, such as soil amendments, shall be incorporated into


the criteria for appropriate treatment control BMPs.


v. Establishment of criteria to aid in determining Priority Development


Project conditions where implementation of each LID BMP listed in


section D.1.d.(4)(b) is applicable and feasible.


vi. Establishment of a requirement for Priority Development Projects with


low traffic areas and appropriate or amendable soil conditions to


construct a portion of walkways, trails, overflow parking lots, alleys, or


other low-traffic areas with permeable surfaces, such a pervious


concrete, porous asphalt, unit pavers, and granular materials.


vii. Establishment of restrictions on infiltration of runoff from Priority


Development Project categories or Priority Development Project areas


that generate high levels of pollutants, if necessary.


(b) The updated Model SUSMP shall be submitted within 18 months of adoption


of this Order. If, within 60 days of submittal of the updated Model SUSMP,


the Copermittees have not received in writing from the Regional Board either


(1) a finding of adequacy of the updated Model SUSMP or (2) a modified


schedule for its review and revision, the updated Model SUSMP shall be


deemed adequate, and the Copermittees shall implement its provisions in


accordance with section D.1.d.(8)(c) below.


(c) Within 365 days of Regional Board acceptance of the updated Model


SUSMP, each Copermittee shall update its local SUSMP to implement the


requirements established pursuant to section D.1.d.(8)(a). In addition to the


requirements of section D.1.d.(8)(a), each Copermittee’s updated local


SUSMP shall include the following:


i. A requirement that each Priority Development Project use the criteria


established pursuant to section D.1.d.(8)(a)v to demonstrate


applicability and feasibility, or lack thereof, of implementation of the


LID BMPs listed in section D.1.d.(4)(b).


ii. A review process which verifies that all BMPs to be implemented will


meet the designated siting, design, and maintenance criteria, and that


each Priority Development Project is in compliance with all applicable


SUSMP requirements.


(9) Implementation Process


As part of its local SUSMP, each Copermittee shall implement a process to verify


compliance with SUSMP requirements. The process shall identify at what point


in the planning process Priority Development Projects will be required to meet


SUSMP requirements. The process shall also include identification of the roles


and responsibilities of various municipal departments in implementing the


SUSMP requirements, as well as any other measures necessary for the


implementation of SUSMP requirements.
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(10) Downstream Erosion


As part of its local SUSMP, each Copermittee shall develop and apply criteria to


Priority Development Projects so that runoff discharge rates, durations, and


velocities from Priority Development Projects are controlled to maintain or


reduce downstream erosion conditions and protect stream habitat. Upon


adoption of the Hydromodification Management Plan (HMP) by the Regional


Board (section D.1.g), individual Copermittee criteria for control of downstream


erosion shall be superseded by criteria identified in the HMP.


(11) Waiver Provision


(a) A Copermittee may provide for a project to be waived from the requirement


of meeting numeric sizing criteria (sections D.1.d.(6)(c) or D.1.d.(8)(a)iii) if


infeasibility can be established. A waiver of infeasibility shall only be


granted by a Copermittee when all available BMPs have been considered and


rejected as infeasible. Copermittees shall notify the Regional Board within 5


days of each waiver issued and shall include the following information in the


notification:


i. Name of the person granting each waiver;


ii. Name of developer receiving the waiver;


iii. Site location;


iv. Reason for waiver; and


v. Description of BMPs required.


(b) The Copermittees may collectively or individually develop a program to


require project proponents who have received waivers to transfer the savings


in cost, as determined by the Copermittee(s), to a storm water mitigation


fund. This program may be implemented by all Copermittees that issue


waivers. Funds may be used on projects to improve urban runoff quality


within the watershed of the waived project. The waiver mitigation program


should, at a minimum, identify:


i. The entity or entities that will manage the storm water mitigation fund


(i.e., assume full responsibility for);


ii. The range and types of acceptable projects for which mitigation funds


may be expended;


iii. The entity or entities that will assume full responsibility for each


mitigation project including its successful completion; and


iv. How the dollar amount of fund contributions will be determined.


(12) Infiltration and Groundwater Protection


To protect groundwater quality, each Copermittee shall apply restrictions to the


use of treatment control BMPs that are designed to primarily function as


centralized infiltration devices (such as large infiltration trenches and infiltration


basins). Such restrictions shall be designed so that the use of such infiltration


treatment control BMPs shall not cause or contribute to an exceedance of


groundwater quality objectives. At a minimum, each treatment control BMP


designed to primarily function as a centralized infiltration device shall meet the


restrictions below, unless it is demonstrated that a restriction is not necessary to
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protect groundwater quality. The Copermittees may collectively or individually


develop alternative restrictions on the use of treatment control BMPs which are


designed to primarily function as centralized infiltration devices. Alternative


restrictions developed by the Copermittees can partially or wholly replace the


restrictions listed below. The restrictions are not intended to be applied to small


infiltration systems dispersed throughout a development project.


(a) Urban runoff shall undergo pretreatment such as sedimentation or filtration


prior to infiltration;


(b) All dry weather flows containing significant pollutant loads shall be diverted


from infiltration devices;


(c) Pollution prevention and source control BMPs shall be implemented at a


level appropriate to protect groundwater quality at sites where infiltration


treatment control BMPs are to be used;


(d) Infiltration treatment control BMPs shall be adequately maintained so that


they remove pollutants to the MEP;


(e) The vertical distance from the base of any infiltration treatment control BMP


to the seasonal high groundwater mark shall be at least 10 feet. Where


groundwater basins do not support beneficial uses, this vertical distance


criteria may be reduced, provided groundwater quality is maintained;


(f) The soil through which infiltration is to occur shall have physical and


chemical characteristics (such as appropriate cation exchange capacity,


organic content, clay content, and infiltration rate) which are adequate for


proper infiltration durations and treatment of urban runoff for the protection


of groundwater beneficial uses;


(g) Infiltration treatment control BMPs shall not be used for areas of industrial or


light industrial activity; areas subject to high vehicular traffic (25,000 or


greater average daily traffic on main roadway or 15,000 or more average


daily traffic on any intersecting roadway); automotive repair shops; car


washes; fleet storage areas (bus, truck, etc.); nurseries
6
; and other high threat


to water quality land uses and activities as designated by each Permittee; and


(h) Infiltration treatment control BMPs shall be located a minimum of 100 feet


horizontally from any water supply wells.


e. TREATMENT CONTROL BMP MAINTENANCE TRACKING


(1) Each Copermittee shall develop and utilize a watershed-based database to track


and inventory approved treatment control BMPs and treatment control BMP


maintenance within its jurisdiction. At a minimum, the database shall include


information on treatment control BMP type, location, watershed, date of


construction, party responsible for maintenance, maintenance certifications or


verifications, inspections, inspection findings, and corrective actions.


(2) Each Copermittee shall develop and implement a program to verify that approved


treatment control BMPs are operating effectively and have been adequately


maintained. At a minimum, the program shall include the following:


(a) An annual inventory of all approved treatment control BMPs within the


Copermittee’s jurisdiction. The inventory shall also include all treatment


control BMPs approved during the previous permit cycle.


6
Except with regard to treated nursery runoff or clean storm water runoff.
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(b) The prioritization of all projects with approved treatment control BMPs into


high, medium, and low priority categories. At a minimum, projects with


drainage insert treatment control BMPs shall be designated as at least a


medium priority. Prioritization of other projects with treatment control


BMPs shall include consideration of treatment control BMP size,


recommended maintenance frequency, likelihood of operational and


maintenance issues, location, receiving water quality, and other pertinent


factors.


(c) 100% of projects with treatment control BMPs that are high priority shall be


inspected by the Copermittee annually. 50% of projects with drainage insert


treatment control BMPs shall be inspected by the Copermittee annually.


Treatment control BMPs that are low priority shall be inspected as needed.


All inspections shall verify effective operation and maintenance of the


treatment control BMPs, as well as compliance with all ordinances, permits,


and this Order. A minimum of 20% of the total number of projects with


approved treatment control BMPs, and a maximum of 200% of the average


number of projects with treatment control BMPs approved per year, shall be


inspected annually.


(d) Requirement of annual verification of effective operation and maintenance of


each approved treatment control BMP by the party responsible for the


treatment control BMP maintenance.


(3) Operation and maintenance verifications shall be required prior to each rainy


season.


(4) Inspections of high priority treatment control BMPs shall be conducted prior to


each rainy season.


f. BMP VERIFICATION


Prior to occupancy of each Priority Development Project subject to SUSMP


requirements, each Copermittee shall inspect the constructed LID, source control, and


treatment control BMPs to verify that they have been constructed in compliance with


all specifications, plans, permits, ordinances, and this Order. This initial BMP


verification inspection does not constitute an operation and maintenance inspection,


as required above in section D.1.e.(2)(c).


g. HYDROMODIFICATION - LIMITATIONS ON INCREASES OF RUNOFF DISCHARGE RATES


AND DURATIONS
7


Each Copermittee shall collaborate with the other Copermittees to develop and


implement a Hydromodification Management Plan (HMP) to manage increases in


runoff discharge rates and durations from all Priority Development Projects, where


such increased rates and durations are likely to cause increased erosion of channel


7
Updated SUSMP and hydromodification requirements shall apply to all priority projects or phases of


priority projects which have not yet begun grading or construction activities at the time any updated


SUSMP or hydromodification requirement commences. If a Copermittee determines that lawful prior


approval of a project exists, whereby application of an updated SUSMP or hydromodification requirement


to the project is infeasible, the updated SUSMP or hydromodification requirement need not apply to the


project. Where feasible, the Copermittees shall utilize the SUSMP and hydromodification update periods


to ensure that projects undergoing approval processes include application of the updated SUSMP and


hydromodification requirements in their plans.
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beds and banks, sediment pollutant generation, or other impacts to beneficial uses


and stream habitat due to increased erosive force. The HMP, once approved by the


Regional Board, shall be incorporated into the local SUSMP and implemented by


each Copermittee so that post-project runoff discharge rates and durations shall not


exceed estimated pre-project discharge rates and durations where the increased


discharge rates and durations will result in increased potential for erosion or other


significant adverse impacts to beneficial uses, attributable to changes in the discharge


rates and durations.


(1) The HMP shall:


(a) Identify a standard for channel segments which receive urban runoff


discharges from Priority Development Projects. The channel standard shall


maintain the pre-project erosion and deposition characteristics of channel


segments receiving urban runoff discharges from Priority Development


Projects as necessary to maintain or improve the channel segments’ stability


conditions.


(b) Utilize continuous simulation of the entire rainfall record to identify a range


of runoff flows
8


for which Priority Development Project post-project runoff


flow rates and durations shall not exceed pre-project runoff flow rates and


durations, where the increased flow rates and durations will result in


increased potential for erosion or other significant adverse impacts to


beneficial uses, attributable to changes in the flow rates and durations. The


lower boundary of the range of runoff flows identified shall correspond with


the critical channel flow that produces the critical shear stress that initiates


channel bed movement or that erodes the toe of channel banks. The


identified range of runoff flows may be different for specific watersheds,


channels, or channel reaches.


(c) Require Priority Development Projects to implement hydrologic control


measures so that Priority Development Projects’ post-project runoff flow


rates and durations (1) do not exceed pre-project runoff flow rates and


durations for the range of runoff flows identified under section D.1.g.(1)(b),


where the increased flow rates and durations will result in increased potential


for erosion or other significant adverse impacts to beneficial uses,


attributable to changes in the flow rates and durations, and (2) do not result in


channel conditions which do not meet the channel standard developed under


section D.1.g.(1)(a) for channel segments downstream of Priority


Development Project discharge points.


(d) Include other performance criteria (numeric or otherwise) for Priority


Development Projects as necessary to prevent urban runoff from the projects


from increasing erosion of channel beds and banks, silt pollutant generation,


or other impacts to beneficial uses and stream habitat due to increased


erosive force.


(e) Include a review of pertinent literature.


(f) Include a protocol to evaluate potential hydrograph change impacts to


downstream watercourses from Priority Development Projects.


(g) Include a description of how the Copermittees will incorporate the HMP


requirements into their local approval processes.


8
The identified range of runoff flows to be controlled should be expressed in terms of peak flow rates of


rainfall events, such as “10% of the pre-project 2-year peak flow up to the pre-project 10-year peak flow.”
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(h) Include criteria on selection and design of management practices and


measures (such as detention, retention, and infiltration) to control flow rates


and durations and address potential hydromodification impacts.


(i) Include technical information supporting any standards and criteria proposed.


(j) Include a description of inspections and maintenance to be conducted for


management practices and measures to control flow rates and durations and


address potential hydromodification impacts.


(k) Include a description of pre- and post-project monitoring and other program


evaluations to be conducted to assess the effectiveness of implementation of


the HMP.


(l) Include mechanisms for addressing cumulative impacts within a watershed


on channel morphology.


(m) Include information on evaluation of channel form and condition, including


slope, discharge, vegetation, underlying geology, and other information, as


appropriate.


(2) The HMP may include implementation of planning measures (e.g., buffers and


restoration activities, including revegetation, use of less-impacting facilities at


the point(s) of discharge, etc.) to allow expected changes in stream channel cross


sections, vegetation, and discharge rates, velocities, and/or durations without


adverse impacts to channel beneficial uses. Such measures shall not include


utilization of non-naturally occurring hardscape materials such as concrete,


riprap, gabions, etc.


(3) Section D.1.g.(1)(c) does not apply to Development Projects where the project


discharges stormwater runoff into channels or storm drains where the pre-


existing channel or storm drain conditions result in minimal potential for erosion


or other impacts to beneficial uses. Such situations may include discharges into


channels that are concrete-lined or significantly hardened (e.g., with rip-rap,


sackrete, etc.) downstream to their outfall in bays or the ocean; underground


storm drains discharging to bays or the ocean; and construction of projects where


the sub-watersheds below the projects’ discharge points are highly impervious


(e.g., >70%) and the potential for single-project and/or cumulative impacts is


minimal. Specific criteria for identification of such situations shall be included


as a part of the HMP. However, plans to restore a channel reach may re-


introduce the applicability of HMP controls, and would need to be addressed in


the HMP.


(4) HMP Reporting


The Copermittees shall collaborate to report on HMP development as required in


section J.2.a of this Order.


(5) HMP Implementation


180 days after approval of the HMP by the Regional Board, each Copermittee


shall incorporate into its local SUSMP and implement the HMP for all applicable


Priority Development Projects. Prior to approval of the HMP by the Regional


Board, the early implementation of measures likely to be included in the HMP


shall be encouraged by the Copermittees.
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(6) Interim Hydromodification Criteria for Projects Disturbing 50 Acres or More


Within 365 days of adoption of this Order, the Copermittees shall collectively


identify an interim range of runoff flow rates for which Priority Development


Project post-project runoff flow rates and durations shall not exceed pre-project


runoff flow rates and durations (Interim Hydromodification Criteria), where the


increased discharge flow rates and durations will result in increased potential for


erosion or other significant adverse impacts to beneficial uses, attributable to


changes in flow rates and durations. Development of the Interim


Hydromodification Criteria shall include identification of methods to be used by


Priority Development Projects to exhibit compliance with the criteria, including


continuous simulation of the entire rainfall record. Starting 365 days after


adoption of this Order and until the final Hydromodification Management Plan


standard and criteria are implemented, each Copermittee shall require Priority


Development Projects disturbing 50 acres or more to implement hydrologic


controls to manage post-project runoff flow rates and durations as required by the


Interim Hydromodification Criteria. Development Projects disturbing 50 acres or


more are exempt from this requirement when:


(a) The project would discharge into channels that are concrete-lined or


significantly hardened (e.g., with rip-rap, sackcrete, etc.) downstream to their


outfall in bays or the ocean;


(b) The project would discharge into underground storm drains discharging


directly to bays or the ocean; or


(c) The project would discharge to a channel where the watershed areas below


the project’s discharge points are highly impervious (e.g. >70%).


h. ENFORCEMENT OF DEVELOPMENT SITES


Each Copermittee shall enforce its storm water ordinance for all Development


Projects and at all development sites as necessary to maintain compliance with this


Order. Copermittee ordinances or other regulatory mechanisms shall include


appropriate sanctions to achieve compliance. Sanctions shall include the following


or their equivalent: Non-monetary penalties, fines, bonding requirements, and/or


permit or occupancy denials for non-compliance.


2. Construction Component


Each Copermittee shall implement a construction program which meets the requirements


of this section, reduces construction site discharges of pollutants from the MS4 to the


MEP, and prevents construction site discharges from the MS4 from causing or


contributing to a violation of water quality standards.


a. ORDINANCE UPDATE AND APPROVAL PROCESS


(1) Within 365 days of adoption of this Order, each Copermittee shall review and


update its grading ordinances and other ordinances as necessary to achieve full


compliance with this Order, including requirements for the implementation of all


designated BMPs and other measures.


(2) Prior to approval and issuance of local construction and grading permits, each


Copermittee shall:
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(a) Require all individual proposed construction sites to implement designated


BMPs and other measures so that pollutants discharged from the site will be


reduced to the maximum extent practicable and will not cause or contribute


to a violation of water quality standards.


(b) Prior to permit issuance, require and review the project proponent’s storm


water management plan to verify compliance with their grading ordinance,


other ordinances, and this Order.


(c) Verify that project proponents subject to California’s statewide General


NPDES Permit for Storm Water Discharges Associated With Construction


Activities, (hereinafter General Construction Permit), have existing coverage


under the General Construction Permit.


b. SOURCE IDENTIFICATION


Each Copermittee shall maintain and update monthly a watershed based inventory of


all construction sites within its jurisdiction. The use of an automated database


system, such as Geographical Information System (GIS) is highly recommended.


c. BMP IMPLEMENTATION


(1) Each Copermittee shall designate a minimum set of BMPs and other measures to


be implemented at construction sites. The designated minimum set of BMPs


shall include, at a minimum:


(a) General Site Management


i. Pollution prevention, where appropriate.


ii. Development and implementation of a storm water management plan.


iii. Minimization of areas that are cleared and graded to only the portion of


the site that is necessary for construction;


iv. Minimization of exposure time of disturbed soil areas;


v. Minimization of grading during the wet season and correlation of grading


with seasonal dry weather periods to the extent feasible.


vi. Limitation of grading to a maximum disturbed area as determined by


each Copermittee before either temporary or permanent erosion controls


are implemented to prevent storm water pollution. The Copermittee has


the option of temporarily increasing the size of disturbed soil areas by a


set amount beyond the maximum, if the individual site is in compliance


with applicable storm water regulations and the site has adequate control


practices implemented to prevent storm water pollution.


vii. Temporary stabilization and reseeding of disturbed soil areas as rapidly


as feasible;


viii. Preservation of natural hydrologic features where feasible;


ix. Preservation of riparian buffers and corridors where feasible;


x. Maintenance of all BMPs, until removed; and


xi. Retention, reduction, and proper management of all pollutant discharges


on site to the MEP standard.







Order No. R9-2007-0001 January 24, 200730


(b) Erosion and Sediment Controls


i. Erosion prevention, to be used as the most important measure for


keeping sediment on site during construction, but never as the single


method;


ii. Sediment controls, to be used as a supplement to erosion prevention for


keeping sediment on-site during construction;


iii. Slope stabilization on all inactive slopes during the rainy season and


during rain events in the dry season;


iv. Slope stabilization on all active slopes during rain events regardless of


the season; and


v. Permanent revegetation or landscaping as early as feasible.


(2) Each Copermittee shall require implementation of advanced treatment for


sediment at construction sites that are determined by the Copermittee to be an


exceptional threat to water quality. In evaluating the threat to water quality, the


following factors shall be considered by the Copermittee:


(a) Soil erosion potential or soil type;


(b) The site’s slopes;


(c) Project size and type;


(d) Sensitivity of receiving water bodies;


(e) Proximity to receiving water bodies;


(f) Non-storm water discharges;


(g) Ineffectiveness of other BMPs; and


(h) Any other relevant factors.


(3) Each Copermittee shall implement, or require the implementation of, the


designated minimum BMPs and any additional measures necessary to comply


with this Order at each construction site within its jurisdiction year round.


However, BMP implementation requirements can vary based on wet and dry


seasons. Dry season BMP implementation must plan for and address rain events


that may occur during the dry season.


(4) Each Copermittee shall implement, or require implementation of, additional


controls for construction sites tributary to CWA section 303(d) water body


segments impaired for sediment as necessary to comply with this Order. Each


Copermittee shall implement, or require implementation of, additional controls


for construction sites within or adjacent to or discharging directly to coastal


lagoons or other receiving waters within environmentally sensitive areas (as


defined in section Attachment C of this Order) as necessary to comply with this


Order.


d. INSPECTION OF CONSTRUCTION SITES


Each Copermittee shall conduct construction site inspections for compliance with its


local ordinances (grading, storm water, etc.), permits (construction, grading, etc.),


and this Order.


(1) During the wet season, each Copermittee shall inspect at least biweekly (every


two weeks), all construction sites within its jurisdiction meeting the following
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criteria:


(a) All sites 50 acres or more in size and grading will occur during the wet


season;


(b) All sites 1 acre or more, and tributary to a CWA section 303(d) water body


segment impaired for sediment or within or directly adjacent to or


discharging directly to a receiving water within an ESA; and


(c) Other sites determined by the Copermittees or the Regional Board as a


significant threat to water quality. In evaluating threat to water quality, the


following factors shall be considered:


i. soil erosion potential;


ii. site slope;


iii. project size and type;


iv. sensitivity of receiving water bodies;


v. proximity to receiving water bodies;


vi. non-storm water discharges;


vii. past record of non-compliance by the operators of the construction site;


and


viii. any other relevant factors.


(2) During the wet season, each Copermittee shall inspect at least monthly, all


construction sites with one acre or more of soil disturbance not meeting the


criteria specified above in section D.2.c.(1).


(3) During the wet season, each Copermittee shall inspect as needed, construction


sites less than 1 acre in size.


(4) Each Copermittee shall inspect all construction sites as needed during the dry


season.


(5) Based upon site inspection findings, each Copermittee shall implement all


follow-up actions (i.e., reinspection, enforcement) necessary to comply with this


Order.


(6) Inspections of construction sites shall include, but not be limited to:


(a) Check for coverage under the General Construction Permit (Notice of Intent


(NOI) and/or Waste Discharge Identification No.) during initial inspections;


(b) Assessment of compliance with Permittee ordinances and permits related to


urban runoff, including the implementation and maintenance of designated


minimum BMPs;


(c) Assessment of BMP effectiveness;


(d) Visual observations for non-storm water discharges, potential illicit


connections, and potential discharge of pollutants in storm water runoff;


(e) Education and outreach on storm water pollution prevention, as needed; and


(f) Creation of a written or electronic inspection report.


(7) The Copermittees shall track the number of inspections for the inventoried


construction sites throughout the reporting period to verify that the sites are


inspected at the minimum frequencies required.
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e. ENFORCEMENT OF CONSTRUCTION SITES


Each Copermittee shall develop and implement an escalating enforcement process


that achieves prompt corrective actions at construction sites for violations of the


Copermittee’s water quality protection permit requirements and ordinances. This


enforcement process shall include authorizing the Copermittee’s construction site


inspectors to take immediate enforcement actions when appropriate and necessary.


The enforcement process shall include appropriate sanctions such as stop work


orders, non-monetary penalties, fines, bonding requirements, and/or permit denials


for non-compliance.


f. REPORTING OF NON-COMPLIANT SITES


In addition to the notification requirements in section 5(e) of Attachment B, each


Copermittee shall notify the Regional Board when the Copermittee issues a stop


work order or other high level enforcement to a construction site in their jurisdiction


as a result of storm water violations.


3. Existing Development Component


a. MUNICIPAL


Each Copermittee shall implement a municipal program which meets the


requirements of this section, reduces municipal discharges of pollutants from the


MS4 to the MEP, and prevents municipal discharges from the MS4 from causing or


contributing to a violation of water quality standards.


(1) Source Identification


Each Copermittee shall annually update a watershed based inventory of


municipal areas and activities. The inventory shall include the name, address (if


applicable), and a description of the area/activity, which pollutants are


potentially generated by the area/activity, and identification of whether the


area/activity is tributary to a CWA section 303(d) water body segment and


generates pollutants for which the water body segment is impaired. The use of


an automated database system, such as Geographical Information System (GIS)


is highly recommended when applicable, but not required.


(2) BMP Implementation


(a) Each Copermittee shall implement pollution prevention methods in its


municipal program and shall require their use by appropriate municipal


departments and personnel, where appropriate.


(b) Each Copermittee shall designate a minimum set of BMPs for all municipal


areas and activities. The designated minimum BMPs for municipal areas and


activities shall be area or activity specific as appropriate.


(c) Each Copermittee shall implement, or require the implementation of, the


designated minimum BMPs and any additional measures necessary to


comply with this Order for each municipal area or activity within its
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jurisdiction.


(d) Each Copermittee shall evaluate existing flood control devices to determine


if retrofitting the device to provide additional pollutant removal from urban


runoff is feasible. When conducting flood control device retrofit projects,


each Copermittee shall incorporate permanent pollutant removal measures


into the projects, where feasible.


(e) Each Copermittee shall implement, or require implementation of, any


additional controls for municipal areas and activities tributary to CWA


section 303(d) impaired water body segments (where an area or activity


generates pollutants for which the water body segment is impaired) as


necessary to comply with this Order. Each Copermittee shall implement, or


require implementation of, additional controls for municipal areas and


activities within or directly adjacent to or discharging directly to coastal


lagoons or other receiving waters within environmentally sensitive areas (as


defined in Attachment C of this Order) as necessary to comply with this


Order.


(f) Each Copermittee shall implement, or require implementation of, additional


controls for special events within their jurisdiction that are expected to


generate significant trash and litter. Controls to consider shall include:


i. Temporary screens on catch basins and storm drain inlets;


ii. Temporary fencing to prevent windblown trash from entering adjacent


water bodies and MS4 channels;


iii. Proper management of trash and litter;


iv. Catch basin cleaning following the special event and prior to an


anticipated rain event;


v. Street sweeping of roads, streets, highways and parking facilities


following the special event; and


vi. Other equivalent controls.


(3) Operation and Maintenance of Municipal Separate Storm Sewer System and


Structural Controls


(a) Each Copermittee shall implement a schedule of inspection and maintenance


activities to verify proper operation of all municipal structural treatment


controls designed to reduce pollutant discharges to or from its MS4s and


related drainage structures.


(b) Each Copermittee shall implement a schedule of maintenance activities for


the MS4 and MS4 facilities (catch basins, storm drain inlets, open channels,


etc). The maintenance activities shall, at a minimum, include:


i. Inspection at least once a year between May 1 and September 30 of each


year for all MS4 facilities that receive or collect high volumes of trash


and debris. All other MS4 facilities shall be inspected at least annually


throughout the year.


ii. Following two years of inspections, any MS4 facility that requires


inspection and cleaning less than annually may be inspected as needed,


but not less that every other year.
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iii. Any catch basin or storm drain inlet that has accumulated trash and


debris greater than 33% of design capacity shall be cleaned in a timely


manner. Any MS4 facility that is designed to be self cleaning shall be


cleaned of any accumulated trash and debris immediately. Open


channels shall be cleaned of observed anthropogenic litter in a timely


manner.


iv. Record keeping of the maintenance and cleaning activities including the


overall quantity of waste removed.


v. Proper disposal of waste removed pursuant to applicable laws.


vi. Measures to eliminate waste discharges during MS4 maintenance and


cleaning activities.


(4) Management of Pesticides, Herbicides, and Fertilizers


The Copermittees shall implement BMPs to reduce the contribution of pollutants


associated with the application, storage, and disposal of pesticides, herbicides


and fertilizers from municipal areas and activities to MS4s. Important municipal


areas and activities include municipal facilities, public rights-of-way, parks,


recreational facilities, golf courses, cemeteries, botanical or zoological gardens


and exhibits, landscaped areas, etc.


Such BMPs shall include, at a minimum: (1) educational activities, permits,


certifications and other measures for municipal applicators and distributors; (2)


integrated pest management measures that rely on non-chemical solutions; (3) the


use of native vegetation; (4) schedules for irrigation and chemical application;


and (5) the collection and proper disposal of unused pesticides, herbicides, and


fertilizers.


(5) Sweeping of Municipal Areas


Each Copermittee shall implement a program to sweep improved (possessing a


curb and gutter) municipal roads, streets, highways, and parking facilities. The


program shall include the following measures:


(a) Roads, streets, highways, and parking facilities identified as consistently


generating the highest volumes of trash and/or debris shall be swept at least


two times per month.


(b) Roads, streets, highways, and parking facilities identified as consistently


generating moderate volumes of trash and/or debris shall be swept at least


monthly.


(c) Roads, streets, highways, and parking facilities identified as generating low


volumes of trash and/or debris shall be swept as necessary, but no less than


once per year.


(6) Infiltration From Sanitary Sewer to MS4/Provide Preventive Maintenance of


Both


Each Copermittee shall implement controls and measures to prevent and


eliminate infiltration of seepage from municipal sanitary sewers to MS4s through


thorough, routine preventive maintenance of the MS4. Each Copermittee that
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operates both a municipal sanitary sewer system and a MS4 shall implement


controls and measures to prevent and eliminate infiltration of seepage from the


municipal sanitary sewers to the MS4s that shall include overall sanitary sewer


and MS4 surveys and thorough, routine preventive maintenance of both.


(7) Inspection of Municipal Areas and Activities


(a) At a minimum, each Copermittee shall inspect the following high priority


municipal areas and activities annually:


i. Roads, Streets, Highways, and Parking Facilities.


ii. Flood Management Projects and Flood Control Devices.


iii. Areas and activities tributary to a C WA section 303(d) impaired water


body segment, where an area or activity generates pollutants for which


the water body segment is impaired. Areas and activities within or


adjacent to or discharging directly to coastal lagoons or other receiving


waters within environmentally sensitive areas (as defined in Attachment


C of this Order).


iv. Municipal Facilities.


[1] Active or closed municipal landfills;


[2] Publicly owned treatment works (including water and wastewater


treatment plants) and sanitary sewage collection systems;


[3] Solid waste transfer facilities;


[4] Land application sites;


[5] Corporate yards including maintenance and storage yards for


materials, waste, equipment and vehicles; and


[6] Household hazardous waste collection facilities.


v. Municipal airfields.


vi. Parks and recreation facilities.


vii. Special event venues following special events (festivals, sporting events,


etc.)


viii. Power washing.


ix. Other municipal areas and activities that the Copermittee determines may


contribute a significant pollutant load to the MS4.


(b) Other municipal areas and activities shall be inspected as needed.


(c) Based upon site inspection findings, each Copermittee shall implement all


follow-up actions necessary to comply with this Order.


(8) Enforcement of Municipal Areas and Activities


Each Copermittee shall enforce its storm water ordinance for all municipal areas


and activities as necessary to maintain compliance with this Order.


b. INDUSTRIAL AND COMMERCIAL


Each Copermittee shall implement an industrial and commercial program which


meets the requirements of this section, reduces industrial and commercial discharges


of pollutants from the MS4 to the MEP, and prevents industrial and commercial


discharges from the MS4 from causing or contributing to a violation of water quality


standards.
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(1) Source Identification


Each Copermittee shall annually update a watershed-based inventory of all


industrial and commercial sites/sources within its jurisdiction (regardless of


ownership) that could contribute a significant pollutant load to the MS4. The


inventory shall include the following minimum information for each industrial


and commercial site/source: name; address; pollutants potentially generated by


the site/source (and identification of whether the site/source is tributary to a


Clean Water Act section 303(d) water body segment and generates pollutants for


which the water body segment is impaired); and a narrative description including


SIC codes which best reflects the principal products or services provided by each


facility. The use of an automated database system, such as Geographical


Information System (GIS) is highly recommended.


At a minimum, the following sites/sources shall be included in the inventory:


(a) Commercial Sites/Sources:


i. Automobile repair, maintenance, fueling, or cleaning;


ii. Airplane repair, maintenance, fueling, or cleaning;


iii. Boat repair, maintenance, fueling, or cleaning;


iv. Equipment repair, maintenance, fueling, or cleaning;


v. Automobile and other vehicle body repair or painting;


vi. Mobile automobile or other vehicle washing;


vii. Automobile (or other vehicle) parking lots and storage facilities;


viii. Retail or wholesale fueling;


ix. Pest control services;


x. Eating or drinking establishments, including food markets;


xi. Mobile carpet, drape or furniture cleaning;


xii. Cement mixing or cutting;


xiii. Masonry;


xiv. Painting and coating;


xv. Botanical or zoological gardens and exhibits;


xvi. Landscaping;


xvii. Nurseries and greenhouses;


xviii. Golf courses, parks and other recreational areas/facilities;


xix. Cemeteries;


xx. Pool and fountain cleaning;


xxi. Marinas;


xxii. Portable sanitary services;


xxiii. Building material retailers and storage;


xxiv. Animal facilities; and


xxv. Power washing services.


(b) Industrial Sites/Sources:


i. Industrial Facilities, as defined at 40 CFR § 122.26(b)(14), including


those subject to the General Industrial Permit or other individual NPDES


permit;


ii. Operating and closed landfills;


iii. Facilities subject to SARA Title III; and
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iv. Hazardous waste treatment, disposal, storage and recovery facilities.


(c) All other commercial or industrial sites/sources tributary to a CWA Section


303(d) impaired water body segment, where the site/source generates


pollutants for which the water body segment is impaired. All other


commercial or industrial sites/sources within or directly adjacent to or


discharging directly to coastal lagoons or other receiving waters within


environmentally sensitive areas (as defined in Attachment C of this Order).


(d) All other commercial or industrial sites/sources that the Copermittee


determines may contribute a significant pollutant load to the MS4.


(2) BMP Implementation


(a) Each Copermittee shall require the use of pollution prevention methods by


industrial and commercial sites/sources, where appropriate.


(b) Each Copermittee shall designate a minimum set of BMPs for all industrial


and commercial sites/sources. The designated minimum BMPs shall be


specific to facility types and pollutant generating activities, as appropriate.


(c) Within the first three years of implementation of the updated Jurisdictional


Urban Runoff Management Program, each Copermittee shall notify the


owner/operator of each inventoried industrial and commercial site/source of


the BMP requirements applicable to the site/source.


(d) Each Copermittee shall implement, or require the implementation of, the


designated minimum BMPs and any additional measures necessary to


comply with this Order at each industrial and commercial site/source within


its jurisdiction.


(e) Each Copermittee shall implement, or require implementation of, additional


controls for industrial and commercial sites/sources tributary to CWA section


303(d) impaired water body segments (where a site/source generates


pollutants for which the water body segment is impaired) as necessary to


comply with this Order. Each Copermittee shall implement, or require


implementation of, additional controls for industrial and commercial


sites/sources within or directly adjacent to or discharging directly to coastal


lagoons or other receiving waters within environmentally sensitive areas (as


defined in Attachment C of this Order) as necessary to comply with this


Order.


(3) Inspection of Industrial and Commercial Sites/Sources


(a) Each Copermittee shall conduct industrial and commercial site inspections


for compliance with its ordinances, permits, and this Order. Inspections shall


include but not be limited to:


i. Review of BMP implementation plans, if the site uses or is required to


use such a plan;


ii. Review of facility monitoring data, if the site monitors its runoff;
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iii. Check for coverage under the General Industrial Permit (Notice of


Intent (NOI) and/or Waste Discharge Identification No.), if applicable;


iv. Assessment of compliance with Copermittee ordinances and permits


related to urban runoff;


v. Assessment of BMP implementation, maintenance and effectiveness;


vi. Visual observations for non-storm water discharges, potential illicit


connections, and potential discharge of pollutants in storm water


runoff; and


vii. Education and training on storm water pollution prevention, as


conditions warrant.


(b) At a minimum, 50% of all sites (excluding mobile sources) determined to


pose a high threat to water quality shall be inspected in the first year of


implementation of the updated Jurisdictional Urban Runoff Management


Program, regardless of whether this exceeds the number of inspections


required in section D.3.b.(3)(c). This requirement shall increase to 100% of


the sites in the second year, and 100% annually thereafter. In any year that


the total number of required inspection per section D.3.b.(3)(c) exceeds the


number of high threat to water quality sites, all high threat to water quality


sites shall be inspected. In evaluating threat to water quality, each


Copermittee shall address, at a minimum, the following:


i. Type of activity (SIC code);


ii. Materials used at the facility;


iii. Wastes generated;


iv. Pollutant discharge potential;


v. Non-storm water discharges;


vi. Size of facility;


vii. Proximity to receiving water bodies;


viii. Sensitivity of receiving water bodies;


ix. Whether the facility is subject to the General Industrial Permit or an


individual NPDES permit;


x. Whether the facility has filed a No Exposure Certification/Notice of


Non-Applicability;


xi. Facility design;


xii. Total area of the site, area of the site where industrial or commercial


activities occur, and area of the site exposed to rainfall and runoff;


xiii. The facility’s compliance history; and


xiv. Any other relevant factors.


(c) At a minimum, 20% of the sites inventoried as required in section D.3.b.(1)


above (excluding mobile sources) shall be inspected in the first year of


implementation of the updated Jurisdictional Urban Runoff Management


Program. This requirement shall increase to 25% of the sites in the second


year, and 25% annually thereafter.


(d) Each Copermittee may develop and implement a third party inspection


program for verifying industrial and commercial site/source compliance with


its ordinances, permits, and this Order. The third party inspections can


satisfy up to 30% of the inspection requirements in section D.3.b(3)(c), with


the Copermittee having to fulfill the remaining required inspections. To the


extent that third party inspections are conducted to fulfill the requirements of
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section D.3.b(3)(c), the Copermittee will be responsible for the inspection of


an additional site for every three sites inspected by a third party. The


additional inspections may be conducted by the Copermittee or a third party


inspector. The Copermittees third party inspection program must include the


following:


i. A description of facility types proposed to be inspected by third


parties, including SIC codes;


ii. A third party inspector certification program;


iii. The inspection requirements described in section D.3.b.(3)(a);


iv. Inspection form templates for third party inspector use;


v. Photo documentation of potential storm water violations identified


during the third party inspection;


vi. An annual Copermittee audit of random, representative sites that were


inspected by a third party;


vii. An annual Copermittee audit of random, representative third party


inspectors;


viii. Reporting to the Copermittee of identified significant potential


violations within 24 hours of the third party inspection;


ix. Reporting to the Copermittee of all inspection findings within one


week of the inspection being conducted; and


x. Copermittee follow-up and/or enforcement actions for identified


potential storm water violations within 2 business days of the


inspection or potential violation report receipt.


(e) Based upon site inspection findings, each Copermittee shall implement all


follow-up actions and enforcement necessary to comply with this Order.


(f) To the extent that the Regional Board has conducted an inspection of an


industrial site during a particular year, the requirement for the responsible


Copermittee to inspect this facility during the same year will be satisfied.


(g) The Copermittees shall track the number of inspections for the inventoried


industrial and commercial sites/sources throughout the reporting period to


verify that the sites/sources are inspected at the minimum frequencies listed


in sections D.3.b.(3)(b) and D.3.b.(3)(c).


(4) Regulation of Mobile Businesses


(a) Each Copermittee shall develop and implement a program to reduce the


discharge of pollutants from mobile businesses to the MEP. Each


Copermittee shall keep as part of their inventory (section D.3.b.(1) above), a


listing of mobile businesses known to operate within its jurisdiction. The


program shall include:


i. Development and implementation of minimum standards and BMPs to


be required for each of the various types of mobile businesses.


ii. Development and implementation of an enforcement strategy which


specifically addresses the unique characteristics of mobile businesses.


iii. Notification of those mobile businesses known to operate within the


Copermittee’s jurisdiction of the minimum standards and BMP


requirements and local ordinances.
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iv. Development and implementation of an outreach and education strategy.


v. Inspection of mobile businesses as needed.


(b) If they choose to, the Copermittees may cooperate in developing and


implementing their programs for mobile businesses, including sharing of


mobile business inventories, BMP requirements, enforcement action


information, and education.


(5) Enforcement of Industrial and Commercial Sites/Sources


Each Copermittee shall enforce its storm water ordinance for all industrial and


commercial sites/sources as necessary to maintain compliance with this Order.


Copermittee ordinances or other regulatory mechanisms shall include appropriate


sanctions to achieve compliance. Sanctions shall include the following or their


equivalent: Non-monetary penalties, fines, bonding requirements, and/or permit


denials for non-compliance.


(6) Reporting of Industrial Non-Filers


As part of each Annual Report, each Copermittee shall report a list of industrial


sites, including the name, address, and SIC code, that may require coverage


under the General Industrial Permit for which a NOI has not been filed.


c. RESIDENTIAL


Each Copermittee shall implement a residential program which meets the


requirements of this section, reduces residential discharges of pollutants from the


MS4 to the MEP, and prevents residential discharges from the MS4 from causing or


contributing to a violation of water quality standards.


(1) Threat to Water Quality Prioritization


Each Copermittee shall identify high threat to water quality residential areas and


activities. At a minimum, these shall include:


(a) Automobile repair, maintenance, washing, and parking;


(b) Home and garden care activities and product use (pesticides, herbicides, and


fertilizers);


(c) Disposal of trash, pet waste, green waste, and household hazardous waste


(e.g., paints, cleaning products);


(d) Any other residential source that the Copermittee determines may contribute


a significant pollutant load to the MS4;


(e) Any residential areas tributary to a CWA section 303(d) impaired water


body, where the residence generates pollutants for which the water body is


impaired; and


(f) Any residential areas within or directly adjacent to or discharging directly to


a coastal lagoon or other receiving waters within an environmentally


sensitive area (as defined in Attachment C of this Order).
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(2) BMP Implementation


(a) Each Copermittee shall designate minimum BMPs for high threat to water


quality residential areas and activities. The designated minimum BMPs for


high threat to water quality municipal areas and activities shall be area or


activity specific.


(b) Each Copermittee shall encourage the use of pollution prevention methods


by residents, where appropriate.


(c) Each Copermittee shall facilitate the proper management and disposal of


used oil, toxic materials, and other household hazardous wastes. Such


facilitation shall include educational activities, public information activities,


and establishment of collection sites operated by the Copermittee or a private


entity. Curbside collection of household hazardous wastes is encouraged.


(d) Each Copermittee shall implement, or require implementation of, the


designated minimum BMPs and any additional measures necessary to


comply with this Order for high threat to water quality residential areas and


activities.


(e) Each Copermittee shall implement, or require implementation of, BMPs for


residential areas and activities that have not been designated a high threat to


water quality, as necessary.


(f) Each Copermittee shall implement, or require implementation of, any


additional controls for residential areas and activities tributary to CWA


section 303(d) impaired water body segments (where a residential area or


activity generates pollutants for which the water body segment is impaired)


as necessary to comply with this Order. Each Copermittee shall implement,


or require implementation of, additional controls for residential areas within


or directly adjacent to or discharging directly to coastal lagoons or other


receiving waters within environmentally sensitive areas (as defined in section


Attachment C of this Order) as necessary to comply with this Order.


(3) Enforcement of Residential Areas and Activities


Each Copermittee shall enforce its storm water ordinance for all residential areas


and activities as necessary to maintain compliance with this Order.


(4) Evaluation of Oversight of Residential Areas and Activities


The Copermittees are encouraged to individually or collectively evaluate their


methods used for oversight of residential areas and activities, including


assessment of inspections of residential areas and activities. The evaluation


should consider various oversight and inspection approaches to identify an


effective and appropriate oversight and inspection approach for residential areas


and activities.


(5) Regional Residential Education Program


Each Copermittee shall collaborate with the other Copermittees to develop and


implement the Regional Residential Education Program required in section F.1 of


this Order.
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4. Illicit Discharge Detection and Elimination Component


Each Copermittee shall implement an Illicit Discharge Detection and Elimination


program which meets the requirements of this section and actively seeks and eliminates


illicit discharges and connections.


a. ILLICIT DISCHARGES AND CONNECTIONS


Each Copermittee shall implement a program to actively seek and eliminate illicit


discharges and connections into its MS4. The program shall include utilization of


appropriate municipal personnel to assist in identifying illicit discharges and


connections during their daily activities. The program shall address all types of illicit


discharges and connections excluding those non-storm water discharges not


prohibited by the Copermittee in accordance with section B of this Order.


b. DEVELOP/MAINTAIN MS4 MAP


Each Copermittee shall develop and/or update its labeled map of its entire MS4 and


the corresponding drainage areas within its jurisdiction. The use of a GIS is highly


recommended. The accuracy of the MS4 map shall be confirmed during dry weather


field screening and analytical monitoring and shall be updated at least annually.


c. DRY WEATHER FIELD SCREENING AND ANALYTICAL MONITORING


Each Copermittee shall conduct dry weather field screening and analytical


monitoring of MS4 outfalls and other portions of its MS4 within its jurisdiction to


detect illicit discharges and connections in accordance with Receiving Waters and


Urban Runoff Monitoring and Reporting Program No. R9-2007-0001.


d. INVESTIGATION/INSPECTION AND FOLLOW-UP


(1) Each Copermittee shall investigate and inspect any portion of the MS4 that,


based on visual observations, dry weather field screening and analytical


monitoring results, or other appropriate information, indicates a reasonable


potential for illicit discharges, illicit connections, or other sources of non-storm


water (including non-prohibited discharge(s) identified in section B of this


Order). Each Copermittee shall develop/update and utilize numeric criteria


action levels (or other actions level criteria where appropriate) to determine when


follow-up investigations will be performed.


(2) Within two business days of receiving dry weather field screening results that


exceed action levels, the Copermittees shall either conduct an investigation to


identify the source of the discharge or provide the rationale for why the discharge


does not pose a threat to water quality and does not need further investigation.


Within two business days, where applicable, of receiving analytical laboratory


results that exceed action levels, the Copermittees shall either conduct an


investigation to identify the source of the discharge or provide the rationale for


why the discharge does not pose a threat to water quality and does not need


further investigation. Obvious illicit discharges (i.e. color, odor, or significant


exceedances of action levels) shall be investigated immediately.
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e. ELIMINATION OF ILLICIT DISCHARGES AND CONNECTIONS


Each Copermittee shall take immediate action to eliminate all detected illicit


discharges, illicit discharge sources, and illicit connections as soon as possible after


detection. Elimination measures may include an escalating series of enforcement


actions for those illicit discharges that are not a serious threat to public health or the


environment. Illicit discharges that pose a serious threat to the public's health or the


environment must be eliminated immediately.


f. ENFORCE ORDINANCES


Each Copermittee shall implement and enforce its ordinances, orders, or other legal


authority to prevent illicit discharges and connections to its MS4. Each Copermittee


shall also implement and enforce its ordinance, orders, or other legal authority to


eliminate detected illicit discharges and connections to it MS4.


g. PREVENT AND RESPOND TO SEWAGE SPILLS (INCLUDING FROM PRIVATE LATERALS


AND FAILING SEPTIC SYSTEMS) AND OTHER SPILLS


Each Copermittee shall prevent, respond to, contain and clean up all sewage and


other spills that may discharge into its MS4 from any source (including private


laterals and failing septic systems). Spill response teams shall prevent entry of spills


into the MS4 and contamination of surface water, ground water and soil to the


maximum extent practicable. Each Copermittee shall coordinate spill prevention,


containment and response activities throughout all appropriate departments, programs


and agencies so that maximum water quality protection is available at all times.


Each Copermittee shall develop and implement a mechanism whereby it is notified of


all sewage spills from private laterals and failing septic systems into its MS4. Each


Copermittee shall prevent, respond to, contain and clean up sewage from any such


notification.


h. FACILITATE PUBLIC REPORTING OF ILLICIT DISCHARGES AND CONNECTIONS -


PUBLIC HOTLINE


Each Copermittee shall promote, publicize and facilitate public reporting of illicit


discharges or water quality impacts associated with discharges into or from MS4s.


Each Copermittee shall facilitate public reporting through development and operation


of a public hotline. Public hotlines can be Copermittee-specific or shared by


Copermittees. All storm water hotlines shall be capable of receiving reports in both


English and Spanish 24 hours per day / seven days per week. Copermittees shall


respond to and resolve each reported incident in a timely manner. All reported


incidents, and how each was resolved, shall be summarized in each Copermittee’s


individual JURMP Annual Report.


5. Education Component


Each Copermittee shall implement an education program using all media as appropriate


to (1) measurably increase the knowledge of the target communities regarding MS4s,


impacts of urban runoff on receiving waters, and potential BMP solutions for the target


audience; and (2) to measurably change the behavior of target communities and thereby


reduce pollutant releases to MS4s and the environment. At a minimum, the education
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program shall meet the requirements of this section and address the following target


communities:


• Municipal Departments and Personnel


• Construction Site Owners and Developers


• Industrial Owners and Operators


• Commercial Owners and Operators


• Residential Community, General Public, and School Children


a. GENERAL REQUIREMENTS


(1) Each Copermittee shall educate each target community on the following topics


where appropriate:


Table 3. Education


Laws, Regulations, Permits, & Requirements Best Management Practices


• Federal, state, and local water quality laws and


regulations


• Statewide General NPDES Permit for Storm


Water Discharges Associated with Industrial


Activities (Except Construction).


• Statewide General NPDES Permit for Storm


Water Discharges Associated with Construction


Activities


• Regional Board’s General NPDES Permit for


Ground Water Dewatering


• Regional Board’s 401 Water Quality


Certification Program


• Statewide General NPDES Utility Vault Permit


• Requirements of local municipal permits and


ordinances (e.g., storm water and grading


ordinances and permits)


• Pollution prevention and safe alternatives


• Good housekeeping (e.g., sweeping impervious


surfaces instead of hosing)


• Proper waste disposal (e.g., garbage, pet/animal


waste, green waste, household hazardous


materials, appliances, tires, furniture, vehicles,


boat/recreational vehicle waste, catch basin/ MS4


cleanout waste)


• Non-storm water disposal alternatives (e.g., all


wash waters)


• Methods to minimized the impact of land


development and construction


• Erosion prevention


• Methods to reduce the impact of residential and


charity car-washing


• Preventive Maintenance


• Equipment/vehicle maintenance and repair


• Spill response, containment, and recovery


• Recycling


• BMP maintenance


General Urban Runoff Concepts Other Topics


• Impacts of urban runoff on receiving waters


• Distinction between MS4s and sanitary sewers


• BMP types: facility or activity specific, LID,


source control, and treatment control


• Short- and long-term water quality impacts


associated with urbanization (e.g., land-use


decisions, development, construction)


• Non-storm water discharge prohibitions


• How to conduct a storm water inspections


• Public reporting mechanisms


• Water quality awareness for Emergency/ First


Responders


• Illicit Discharge Detection and Elimination


observations and follow-up during daily work


activities


• Potable water discharges to the MS4


• Dechlorination techniques


• Hydrostatic testing


• Integrated pest management


• Benefits of native vegetation


• Water conservation
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• Alternative materials and designs to maintain peak


runoff values


• Traffic reduction, alternative fuel use


(2) Copermittee educational programs shall emphasize underserved target audiences,


high-risk behaviors, and “allowable” behaviors and discharges, including various


ethnic and socioeconomic groups and mobile sources.


b. SPECIFIC REQUIREMENTS


(1) Municipal Departments and Personnel Education


(a) Municipal Development Planning – Each Copermittee shall implement an


education program so that its planning and development review staffs (and


Planning Boards and Elected Officials, if applicable) have an understanding


of:


i. Federal, state, and local water quality laws and regulations applicable to


Development Projects;


ii. The connection between land use decisions and short and long-term


water quality impacts (i.e., impacts from land development and


urbanization);


iii. How to integrate LID BMP requirements into the local regulatory


program(s) and requirements; and


iv. Methods of minimizing impacts to receiving water quality resulting from


development, including:


[1] Storm water management plan development and review;


[2] Methods to control downstream erosion impacts;


[3] Identification of pollutants of concern;


[4] LID BMP techniques;


[5] Source control BMPs; and


[6] Selection of the most effective treatment control BMPs for the


pollutants of concern.


(b) Municipal Construction Activities – Each Copermittee shall implement an


education program that includes annual training prior to the rainy season so


that its construction, building, code enforcement, and grading review staffs,


inspectors, and other responsible construction staff have, at a minimum, an


understanding of the following topics, as appropriate for the target audience:


i. Federal, state, and local water quality laws and regulations applicable to


construction and grading activities.


ii. The connection between construction activities and water quality impacts


(i.e., impacts from land development and urbanization and impacts from


construction material such as sediment).


iii. Proper implementation of erosion and sediment control and other BMPs


to minimize the impacts to receiving water quality resulting from


construction activities.


iv. The Copermittee’s inspection, plan review, and enforcement policies and


procedures to verify consistent application.


v. Current advancements in BMP technologies.
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vi. SUSMP Requirements including treatment options, LID BMPs, source


control, and applicable tracking mechanisms.


(c) Municipal Industrial/Commercial Activities - Each Copermittee shall train


staff responsible for conducting storm water compliance inspections and


enforcement of industrial and commercial facilities at least once a year.


Training shall cover inspection and enforcement procedures, BMP


implementation, and reviewing monitoring data.


(d) Municipal Other Activities – Each Copermittee shall implement an education


program so that municipal personnel and contractors performing activities


which generate pollutants have an understanding of the activity specific


BMPs for each activity to be performed.


(2) New Development and Construction Education


As early in the planning and development process as possible and all through the


permitting and construction process, each Copermittee shall implement a


program to educate project applicants, developers, contractors, property owners,


community planning groups, and other responsible parties. The education


program shall provide an understanding of the topics listed in Sections


D.5.b.(1)(a) and D.5.b.(1)(b) above, as appropriate for the audience being


educated. The education program shall also educate project applicants,


developers, contractors, property owners, and other responsible parties on the


importance of educating all construction workers in the field about stormwater


issues and BMPs though formal or informal training.


(3) Residential, General Public, and School Children Education


Each Copermittee shall collaboratively conduct or participate in development and


implementation of a plan to educate residential, general public, and school


children target communities. The plan shall evaluate use of mass media, mailers,


door hangers, booths at public events, classroom education, field trips, hands-on


experiences, or other educational methods.


6. Public Participation Component


Each Copermittee shall incorporate a mechanism for public participation in the updating,


development, and implementation of the Jurisdictional Urban Runoff Management


Program.


E. WATERSHED URBAN RUNOFF MANAGEMENT PROGRAM


1. Each Copermittee shall implement all requirements of section E of this Order no later


than 365 days after adoption of this Order, unless otherwise specified in this Order. Prior


to 365 days after adoption of this Order, each Copermittee shall collaborate with the other


Copermittees within its Watershed Management Area(s) (WMA) to at a minimum


implement its Watershed URMP document, as the document was developed and amended


to comply with the requirements of Order No. 2001-01.


2. Each Copermittee shall collaborate with other Copermittees within its WMA(s) as shown


in Table 4 below to develop and implement an updated Watershed Urban Runoff
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Management Program for each watershed. Each updated Watershed Urban Runoff


Management Program shall meet the requirements of section E of this Order, reduce the


discharge of pollutants from the MS4 to the MEP, and prevent urban runoff discharges


from the MS4 from causing or contributing to a violation of water quality standards. At a


minimum, each Watershed Urban Runoff Management Program shall include the


elements described below:


a. Lead Watershed Permittee Identification


Watershed Copermittees shall identify the Lead Watershed Permittee for their WMA.


In the event that a Lead Watershed Permittee is not selected and identified by the


Watershed Copermittees, by default the Copermittee identified in Table 4 as the Lead


Watershed Permittee for that WMA shall be responsible for implementing the


requirements of the Lead Watershed Permittee in that WMA. The Lead Watershed


Copermittees shall serve as liaisons between the Copermittees and Regional Board,


where appropriate.


b. Watershed Map


Watershed Copermittees shall develop and periodically update a map of the WMA to


facilitate planning, assessment, and collaborative decision-making. As determined


appropriate, the map shall include features such as receiving waters (including the


Pacific Ocean); Clean Water Act section 303(d) impaired receiving waters; land uses,


MS4s; major highways; jurisdictional boundaries; and inventoried commercial,


industrial, and municipal sites.


c. Watershed Water Quality Assessment


Watershed Copermittees shall annually assess the water quality of receiving waters in


their WMA. This assessment shall use applicable water quality data, reports, and


analysis generated in accordance with the requirements of the Receiving Waters


Monitoring and Reporting Program, as well as applicable information available from


other public and private organizations.


The assessment and analysis shall annually identify the WMA’s water quality


problems that are partially or fully attributable to MS4 discharges. Identified water


quality problems shall include CWA section 303(d) listings, persistent violations of


water quality standards, toxicity, impacts to beneficial uses, and other pertinent


conditions. From the list of water quality problems, the high priority water quality


problems of the WMA shall be identified, which shall include those water quality


problems which most significantly exceed or impact water quality standards (water


quality objectives and beneficial uses).


The assessment shall include annual identification of the likely sources of the


WMA’s high priority water quality problems.


d. Watershed-based Land Use Planning


The Watershed Copermittees shall develop, implement, and modify, as necessary, a


program for encouraging collaborative, watershed-based, land use planning in their


jurisdictional planning departments.
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e. Watershed Strategy


Watershed Copermittees shall develop and implement a collective watershed strategy


to abate the sources and reduce the discharge of pollutants causing the high priority


water quality problems of the WMA. The strategy shall guide Watershed


Copermittee selection and implementation of Watershed Activities, so that the


Watershed Activities selected and implemented are appropriate for each Watershed


Copermittee’s contribution to the WMA’s high priority water quality problems.


f. Watershed Activities


(1) The Watershed Copermittees shall identify and implement Watershed Activities


that address the high priority water quality problems in the WMA. Watershed


Activities shall include both Watershed Water Quality Activities and Watershed


Education Activities. These activities may be implemented individually or


collectively, and may be implemented at the regional, watershed, or jurisdictional


level.


(a) Watershed Water Quality Activities are activities other than education that


address the high priority water quality problems in the WMA. A Watershed


Water Quality Activity implemented on a jurisdictional basis must be


organized and implemented to target a watershed’s high priority water


quality problems or must exceed the baseline jurisdictional requirements of


section D of this Order.


(b) Watershed Education Activities are outreach and training activities that


address high priority water quality problems in the WMA.


(2) A Watershed Activities List shall be submitted with each updated WURMP and


updated annually thereafter. The Watershed Activities List shall include both


Watershed Water Quality Activities and Watershed Education Activities, along


with a description of how each activity was selected, and how all of the activities


on the list will collectively abate sources and reduce pollutant discharges causing


the identified high priority water quality problems in the WMA.


(3) Each activity on the Watershed Activities List shall include the following


information:


(a) A description of the activity;


(b) A time schedule for implementation of the activity, including key milestones;


(c) An identification of the specific responsibilities of Watershed Copermittees


in completing the activity;


(d) A description of how the activity will address the identified high priority


water quality problem(s) of the watershed;


(e) A description of how the activity is consistent with the collective watershed


strategy;


(f) A description of the expected benefits of implementing the activity; and


(g) A description of how implementation effectiveness will be measured.


(4) Each Watershed Copermittee shall implement identified Watershed Activities


pursuant to established schedules. For each Permit year, no less than two


Watershed Water Quality Activities and two Watershed Education Activities


shall be in an active implementation phase. A Watershed Water Quality Activity
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is in an active implementation phase when significant pollutant load reductions,


source abatement, or other quantifiable benefits to discharge or receiving water


quality can reasonably be established in relation to the watershed’s high priority


water quality problem(s). Watershed Water Quality Activities that are capital


projects are in active implementation for the first year of implementation only. A


Watershed Education Activity is in an active implementation phase when


changes in attitudes, knowledge, awareness, or behavior can reasonably be


established in target audiences.


g. Copermittee Collaboration


Watershed Copermittees shall collaborate to develop and implement the Watershed


Urban Runoff Management Programs. Watershed Copermittee collaboration shall


include frequent regularly scheduled meetings.


h. Public Participation


Watershed Copermittees shall implement a watershed-specific public participation


mechanism within each watershed. The mechanism shall encourage participation


from other organizations within the watershed (such as the Department of Defense,


Caltrans, lagoon foundations, etc.)


i. WURMP Review and Updates


Each WURMP shall be reviewed annually to identify needed modifications and


improvements. Pursuant to the requirements of Section I.2.b of this Order the


Watershed Copermittees shall develop and implement a plan and schedule to address


the identified modifications and improvements. All updates to the WURMP shall be


documented in the Watershed Urban Runoff Management Program Annual Reports.


Individual Watershed Copermittees shall also review and modify their jurisdictional


activities and JURMPs as necessary so that they are consistent with the requirements


of the WURMP.


Table 4. Watershed Management Areas and Watershed Copermittees


RESPONSIBLE WATERSHED


COPERMITTEE(S)


WATERSHED


MANAGEMENT AREA HYDROLOGIC UNIT


OR AREA


MAJOR RECEIVING WATER


BODIES


1. County of San Diego Santa Margarita River Santa Margarita HU


(902.00)


Santa Margarita River and Estuary,


Pacific Ocean


2. City of Oceanside


3. City of Vista


4. County of San Diego


San Luis Rey River San Luis Rey HU (903.00) San Luis Rey River and Estuary,


Pacific Ocean


1. City of Carlsbad


2. City of Encinitas


3. City of Escondido


4. City of Oceanside


5. City of San Marcos


6. City of Solana Beach


7. City of Vista


8. County of San Diego


Carlsbad Carlsbad HU (904.00) Batiquitos Lagoon


San Elijo Lagoon


Agua Hedionda Lagoon


Buena Vista Lagoon


and Tributary Streams


Pacific Ocean


1. City of Del Mar


2. City of Escondido


3. City of Poway


4. City of San Diego


5. City of Solana Beach


6. County of San Diego


San Dieguito River San Dieguito HU (905.00) San Dieguito River and Estuary


Pacific Ocean
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RESPONSIBLE WATERSHED


COPERMITTEE(S)


WATERSHED


MANAGEMENT AREA HYDROLOGIC UNIT


OR AREA


MAJOR RECEIVING WATER


BODIES


1. City of Del Mar


2. City of Poway


3. City of San Diego


4. County of San Diego


Peñasquitos Miramar Reservoir HA


(906.10)


Poway HA (906.20)


Los Peñasquitos Creek


Los Peñasquitos Lagoon


Pacific Ocean


1. City of San Diego Mission Bay Scripps HA (906.30)


Miramar HA(906.40)


Tecolote HA (906.50)


Mission Bay


Pacific Ocean


1. City of El Cajon


2. City of La Mesa


3. City of San Diego


4. City of Santee


5. County of San Diego


San Diego River San Diego HU (907.00) San Diego River


Pacific Ocean


1. City of Chula Vista


2. City of Coronado


3. City of Imperial Beach


4. City of La Mesa


5. City of Lemon Grove


6. City of National City


7. City of San Diego


8. County of San Diego


9. San Diego Unified Port


District


10. San Diego County Regional


Airport Authority


San Diego Bay Pueblo San Diego HU


(908.00)


Sweetwater HU (909.00)


Otay HU (910.00)


San Diego Bay


Sweetwater River


Otay River


Pacific Ocean


1. City of Imperial Beach


2. City of San Diego


3. County of San Diego


Tijuana River Tijuana (911.00) Tijuana River and Estuary


Pacific Ocean


• The Lead Watershed Permittee for each watershed is highlighted


F. REGIONAL URBAN RUNOFF MANAGEMENT PROGRAM


The Copermittees shall implement all requirements of section F of this Order no later than


365 days after adoption of this Order, unless otherwise specified in this Order.


Each Copermittee shall collaborate with the other Copermittees to develop, implement, and


update as necessary a Regional Urban Runoff Management Program. The Regional Urban


Runoff Management Program shall meet the requirements of section F of this Order, reduce


the discharge of pollutants from the MS4 to the MEP, and prevent urban runoff discharges


from the MS4 from causing or contributing to a violation of water quality standards. The


Regional Urban Runoff Management Program shall, at a minimum:


1. Develop and implement a Regional Residential Education Program. The program shall


include:


a. Pollutant specific education which focuses educational efforts on bacteria, nutrients,


sediment, pesticides, and trash. If a different pollutant is determined to be more


critical for the education program, the pollutant can be substituted for one of these


pollutants.


b. Education efforts focused on the specific residential sources of the pollutants listed in


section F.1.a.


2. Develop the standardized fiscal analysis method required in section G of this Order.


3. Facilitate the assessment of the effectiveness of jurisdictional, watershed, and regional


programs.


As options, the Regional Urban Runoff Management Program may:


1. Develop and implement urban runoff management activities on a regional level, as


determined to be necessary by the Copermittees.
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2. Develop and implement a strategy to integrate management, implementation, and


reporting of jurisdictional, watershed, and regional activities, as determined to be


necessary by the Copermittees. Any such integration shall assure compliance with the


jurisdictional requirements of section D and the watershed requirements of section E.


3. Facilitate TMDL management and implementation, as determined to be necessary by the


Copermittees.


4. Facilitate development of strategies for implementation of activities on a watershed level,


as determined to be necessary by the Copermittees.


G. FISCAL ANALYSIS


1. Each Copermittee shall secure the resources necessary to meet all requirements of this


Order.


2. As part of the Regional Urban Runoff Management Program, the Copermittees shall


collectively develop a standardized method and format for annually conducting and


reporting fiscal analyses of their urban runoff management programs in their entirety


(including jurisdictional, watershed, and regional activities). This standardized method


shall:


a. Identify the various categories of expenditures attributable to the urban runoff


management programs, including a description of the specific items to be accounted


for in each category of expenditures.


b. Identify expenditures that contribute to multiple programs or were in existence prior


to implementation of the urban runoff management program.


c. Identify a metric or metrics to be used to report program component and total


program expenditures.


3. Each Copermittee shall conduct an annual fiscal analysis. Starting January 31, 2010, the


annual fiscal analysis shall be conducted consistent with the standardized fiscal analysis


method included in the January 31, 2009 Regional Urban Runoff Management Program


Annual Report. The annual fiscal analysis shall be conducted and reported on as part of


each Copermittee’s Jurisdictional Urban Runoff Management Program Annual Reports.


For convenience, the fiscal analysis included in the Jurisdictional Urban Runoff


Management Program Annual Reports shall address the Copermittee’s urban runoff


management programs in their entirety, including jurisdictional, watershed, and regional


activities. The fiscal analysis shall provide the Copermittee’s urban runoff management


program budget for the current reporting period. The fiscal analysis shall include a


description of the source(s) of the funds that are proposed to be used to meet the


necessary expenditures, including legal restrictions on the use of such funds.


H. TOTAL MAXIMUM DAILY LOADS


1. Chollas Creek Diazinon TMDL Water Quality Based Effluent Limits (WQBELs)


a. The Copermittees in the Chollas Creek watershed shall implement BMPs capable of


achieving the interim and final diazinon Waste Load Allocation (WLA)


concentration in the storm water discharge in Chollas Creek listed in Table 5.
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Table 5. Chollas Creek Diazinon Schedule


Calendar Year Year Waste Load


Allocation


Interim TMDL


Numeric Target


% Reduction


2004 1 0.460 �g/L 0.5 �g/L 0


2005 2 0.460 �g/L 0.5 �g/L 0


2006 3 0.460 �g/L 0.5 �g/L 0


2007 4 0.414 �g/L 0.45 �g/L 10


2008 5 0.322 �g/L 0.35 �g/L 20


2009 6 0.184 �g/L 0.20 �g/L 30


2010 7 0.045 �g/L 0.05 �g/L 30


b. The Copermittees in the Chollas Creek watershed shall not cause or contribute to the


violation of the Interim TMDL Numeric Targets in Chollas Creek as listed in Table


5. If the Interim TMDL Numeric Target is violated in Chollas Creek in more than


one sample in any three consecutive years, the Copermittees shall submit a report that


either 1) documents compliance with the WLA through additional sampling of the


urban runoff discharge or 2) demonstrates, using modeling or other technical or


scientific basis, the effectiveness of additional BMPs that will be implemented to


achieve the WLA. The report may be incorporated into the Watershed Urban Runoff


Management Program Annual Report unless the Regional Board directs an earlier


submittal. The report shall include an implementation schedule.


c. The Copermittees in the Chollas Creek watershed shall implement the Diazinon


Toxicity Control Plan and Diazinon Public Outreach/Education Program as described


in the report titled, “Technical Report for Total Maximum Daily Load for Diazinon


in Chollas Creek Watershed, San Diego County, August 14, 2002,” including


subsequent modifications, in order to achieve the WLA listed in Table 5.


2. Shelter Island Yacht Basin WQBELs


a. The Copermittees in the Shelter Island Yacht Basin watershed shall implement BMPs


to maintain a total annual copper discharge load of less than or equal to 30 kg copper


/ year.


b. The Copermittees in the Shelter Island Yacht Basin watershed shall implement, at a


minimum, the BMPs included in the Copermittees’ Jurisdictional Urban Runoff


Management Plan, including subsequent modifications, which address the discharge


of copper to achieve the annual copper load in Section H.2.a above.


I. PROGRAM EFFECTIVENESS ASSESSMENT


1. Jurisdictional


a. As part of its Jurisdictional Urban Runoff Management Program, each Copermittee


shall annually assess the effectiveness of its Jurisdictional Urban Runoff


Management Program implementation. At a minimum, the annual effectiveness


assessment shall:


(1) Specifically assess the effectiveness of each of the following:
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(a) Each significant jurisdictional activity/BMP or type of jurisdictional


activity/BMP implemented;


(b) Implementation of each major component of the Jurisdictional Urban Runoff


Management Program (Development Planning, Construction, Municipal,


Industrial/Commercial, Residential, Illicit Discharge Detection and


Elimination, and Education); and


(c) Implementation of the Jurisdictional Urban Runoff Management Program as


a whole.


(2) Identify and utilize measurable targeted outcomes, assessment measures, and


assessment methods for each of the items listed in section I.1.a.(1) above.


(3) Utilize outcome levels 1-6
9


to assess the effectiveness of each of the items listed


in section I.1.a.(1) above, where applicable and feasible.


(4) Utilize monitoring data and analysis from the Receiving Waters Monitoring


Program to assess the effectiveness each of the items listed in section I.1.a.(1)


above, where applicable and feasible.


(5) Utilize Implementation Assessment, Water Quality Assessment, and Integrated


Assessment, where applicable and feasible.
10


b. Based on the results of the effectiveness assessment, each Copermittee shall annually


review its jurisdictional activities or BMPs to identify modifications and


improvements needed to maximize Jurisdictional Urban Runoff Management


Program effectiveness, as necessary to achieve compliance with section A of this


Order. The Copermittees shall develop and implement a plan and schedule to


address the identified modifications and improvements. Jurisdictional


activities/BMPs that are ineffective or less effective than other comparable


jurisdictional activities/BMPs shall be replaced or improved upon by implementation


of more effective jurisdictional activities/BMPs. Where monitoring data exhibits


persistent water quality problems that are caused or contributed to by MS4


discharges, jurisdictional activities or BMPs applicable to the water quality problems


shall be modified and improved to correct the water quality problems.


c. As part of its Jurisdictional Urban Runoff Management Program Annual Reports,


each Copermittee shall report on its Jurisdictional Urban Runoff Management


Program effectiveness assessment as implemented under each of the requirements of


sections I.1.a and I.1.b above.


2. Watershed


a. As part of its Watershed Urban Runoff Management Program, each watershed group


of Copermittees (as identified in Table 4) shall annually assess the effectiveness of its


Watershed Urban Runoff Management Program implementation. At a minimum, the


annual effectiveness assessment shall:


(1) Specifically assess the effectiveness of each of the following:


9
Effectiveness assessment outcome levels are defined in Attachment C of this Order.


10
Implementation Assessment, Water Quality Assessment, and Integrated Assessment are defined in


Attachment C of this Order.
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(a) Each Watershed Water Quality Activity implemented;


(b) Each Watershed Education Activity implemented; and


(c) Implementation of the Watershed Urban Runoff Management Program as a


whole.


(2) Identify and utilize measurable targeted outcomes, assessment measures, and


assessment methods for each of the items listed in section I.2.a.(1) above.


(3) Utilize outcome levels 1-6 to assess the effectiveness of each of the items listed


in sections I.2.a.(1)(a) and I.2.a.(1)(b) above, where applicable and feasible.


(4) Utilize outcome levels 1-4 to assess the effectiveness of implementation of the


Watershed Urban Runoff Management Program as a whole, where applicable


and feasible.


(5) Utilize outcome levels 5 and 6 to qualitatively assess the effectiveness of


implementation of the Watershed Urban Runoff Management Program as a


whole, focusing on the high priority water quality problem(s) of the watershed.


These assessments shall attempt to exhibit the impact of Watershed Urban


Runoff Management Program implementation on the high priority water quality


problem(s) within the watershed.


(6) Utilize monitoring data and analysis from the Receiving Waters Monitoring


Program to assess the effectiveness each of the items listed in section I.2.a.(1)


above, where applicable and feasible.


(7) Utilize Implementation Assessment, Water Quality Assessment, and Integrated


Assessment, where applicable and feasible.


b. Based on the results of the effectiveness assessment, the watershed Copermittees


shall annually review their Watershed Water Quality Activities, Watershed Education


Activities, and other aspects of the Watershed Urban Runoff Management Program


to identify modifications and improvements needed to maximize Watershed Urban


Runoff Management Program effectiveness, as necessary to achieve compliance with


section A of this Order. The Copermittees shall develop and implement a plan and


schedule to address the identified modifications and improvements. Watershed


Water Quality Activities/Watershed Education Activities that are ineffective or less


effective than other comparable Watershed Water Quality Activities/Watershed


Education Activities shall be replaced or improved upon by implementation of more


effective Watershed Water Quality Activities/Watershed Education Activities.


Where monitoring data exhibits persistent water quality problems that are caused or


contributed to by MS4 discharges, Watershed Water Quality Activities and


Watershed Education Activities applicable to the water quality problems shall be


modified and improved to correct the water quality problems.


c. As part of its Watershed Urban Runoff Management Program Annual Reports, each


watershed group of Copermittees (as identified in Table 4) shall report on its


Watershed Urban Runoff Management Program effectiveness assessment as


implemented under each of the requirements of section I.2.a and I.2.b above.
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3. Regional


a. As part of the Regional Urban Runoff Management Program, the Copermittees shall


annually assess the effectiveness of Regional Urban Runoff Management Program


implementation. At a minimum, the annual effectiveness assessment shall:


(1) Specifically assess the effectiveness of each of the following:


(a) Each regional activity/BMP or type of regional activity/BMP implemented,


including regional residential education activities; and


(b) The Regional Urban Runoff Management Program as a whole.


(2) Identify and utilize measurable targeted outcomes, assessment measures, and


assessment methods for each of the items listed in section I.3.a.(1) above.


(3) Utilize outcome levels 1-6 to assess the effectiveness of each of the items listed


in sections I.3.a.(1) above, where applicable and feasible.


(4) Utilize monitoring data and analysis from the Receiving Waters Monitoring


Program to assess the effectiveness each of the items listed in section I.3.a.(1)


above, where applicable and feasible.


(5) Utilize Implementation Assessment, Water Quality Assessment, and Integrated


Assessment, where applicable and feasible.


(6) Include evaluation of whether the Copermittees’ jurisdictional, watershed, and


regional effectiveness assessments are meeting the following objectives:


(a) Assessment of watershed health and identification of water quality issues


and concerns.


(b) Evaluation of the degree to which existing source management priorities


are properly targeted to, and effective in addressing, water quality issues


and concerns.


(c) Evaluation of the need to address additional pollutant sources not already


included in Copermittee programs.


(d) Assessment of progress in implementing Copermittee programs and


activities.


(e) Assessment of the effectiveness of Copermittee activities in addressing


priority constituents and sources.


(f) Assessment of changes in discharge and receiving water quality.


(g) Assessment of the relationship of program implementation to changes in


pollutant loading, discharge quality, and receiving water quality.


(h) Identification of changes necessary to improve Copermittee programs,


activities, and effectiveness assessment methods and strategies.


b. Based on the results of the effectiveness assessment, the Copermittees shall annually


review their regional activities and other aspects of the Regional Urban Runoff


Management Program to identify modifications and improvements needed maximize


Regional Urban Runoff Management Program effectiveness, as necessary to achieve


compliance with section A of this Order. The Copermittees shall develop and


implement a plan and schedule to address the identified modifications and


improvements. Regional activities that are ineffective or less effective than other
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comparable regional activities shall be replaced or improved upon by implementation


of more effective regional activities. Where monitoring data exhibits persistent water


quality problems that are caused or contributed to by MS4 discharges, regional


activities applicable to the water quality problems shall be modified and improved to


correct the water quality problems.


c. Based on the results of the Copermittees’ evaluation of their effectiveness


assessments, the Copermittees shall modify their effectiveness assessment methods to


improve their ability to accurately assess the effectiveness of their urban runoff


management programs.


d. As part of its Regional Urban Runoff Management Program Annual Reports, the


Copermittees shall report on its Regional Urban Runoff Management Program


effectiveness assessment as implemented under each of the requirements of sections


I.3.a, I.3.b, and I.3.c above.


4. TMDL BMP Implementation Plan


a. For each TMDL in a watershed, the Copermittees subject to the TMDL within the


watershed shall annually assess the effectiveness of its TMDL BMP Implementation


Plan or equivalent plan.
11


At a minimum, the annual effectiveness assessment shall:


(1) Specifically assess the effectiveness of each of the following:


(a) Each activity/BMP or type of activity/BMP implemented; and


(b) Implementation of the TMDL BMP Implementation Plan or equivalent plan


as a whole.


(2) Identify and utilize measurable targeted outcomes, assessment measures, and


assessment methods for each of the items listed in sections I.4.a.(1) above.


(3) Utilize outcome levels 1-6 to assess the effectiveness of each of the items listed


in section I.4.a.(1)(a) above, where applicable and feasible.


(4) Utilize outcome levels 1-4 to assess the effectiveness of implementation of the


TMDL BMP Implementation Plan or equivalent plan as a whole, where


applicable and feasible.


(5) Utilize outcome levels 5 and 6 to qualitatively assess the effectiveness of the


TMDL BMP Implementation Plan or equivalent plan as a whole. These


assessments shall attempt to exhibit the effects of the TMDL BMP


Implementation Plan or equivalent plan on the impairment that is targeted.


b. Based on the results of the effectiveness assessment, the Copermittees subject to the


TMDL shall modify their BMPs and other aspects of the TMDL BMP


Implementation Plan or equivalent plan in order to maximize TMDL BMP


Implementation Plan or equivalent plan effectiveness. BMPs that are ineffective or


less effective than other comparable BMPs shall be replaced or improved upon by


implementation of more effective BMPs. Where monitoring data exhibits persistent


11
This requirement applies to those TMDLs where a TMDL BMP Implementation Plan or equivalent plan


has been developed and submitted to the Regional Board.
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water quality problems that are caused or contributed to by MS4 discharges, BMPs


applicable to the water quality problems shall be modified and improved to correct


the water quality problems.


c. As part of its Watershed Urban Runoff Management Program Annual Reports, each


group of Copermittees subject to a TMDL shall report on any TMDL BMP


Implementation Plan or equivalent plan effectiveness assessments as implemented


under each of the requirements of sections I.4.a and I.4.b above.


5. Long-term Effectiveness Assessment


a. Each Copermittee shall collaborate with the other Copermittees to develop a Long-


term Effectiveness Assessment (LTEA), which shall build on the results of the


Copermittees’ August 2005 Baseline LTEA. The LTEA shall be submitted by the


Principal Permittee to the Regional Board no later than 210 days in advance of the


expiration of this Order.


b. The LTEA shall be designed to address each of the objectives listed in section


I.3.a.(6) of this Order, and to serve as a basis for the Copermittees’ Report of Waste


Discharge for the next permit cycle.


c. The LTEA shall address outcome levels 1-6, and shall specifically include an


evaluation of program implementation to changes in water quality (outcome levels 5


and 6).


d. The LTEA shall assess the effectiveness of the Receiving Waters Monitoring


Program in meeting its objectives and its ability to answer the five core management


questions. This shall include assessment of the frequency of monitoring conducted


through the use of power analysis and other pertinent statistical methods. The power


analysis shall identify the frequency and intensity of sampling needed to identify a


10% reduction in the concentration of constituents causing the high priority water


quality problems within each watershed over the next permit term with 80%


confidence.


e. The LTEA shall address the jurisdictional, watershed, and regional programs, with an


emphasis on watershed assessment.


J. REPORTING


1. Urban Runoff Management Plans


a. JURISDICTIONAL URBAN RUNOFF MANAGEMENT PLANS


(1) Copermittees - The written account of the overall program to be conducted by


each Copermittee to meet the jurisdictional requirements of section D of this


Order is referred to as the Jurisdictional Urban Runoff Management Plan


(JURMP). Each Copermittee shall revise and update its JURMP so that it


describes all activities the Copermittee will undertake to implement the


requirements of each component of Jurisdictional Urban Runoff Management


Program section D of this Order. Each Copermittee shall submit its updated and


revised JURMP to the Principal Permittee by the date specified by the Principal







Order No. R9-2007-0001 January 24, 200758


Permittee.


(2) Principal Permittee –The Principal Permittee shall be responsible for collecting


and assembling the individual JURMPs which cover the activities conducted by


each individual Copermittee. The Principal Permittee shall submit the JURMPs


to the Regional Board 365 days after adoption of this Order.


(3) At a minimum, each Copermittee’s JURMP shall be updated and revised to


contain the following information:


(a) Non-Storm Water Discharges


i. Identification of non-storm water discharge categories identified as a


source of pollutants to waters of the U.S.


ii. A description of whether non-storm water discharge categories identified


under section (a)i above will be prohibited or required to implement


appropriate control measures to reduce the discharge of pollutants to the


MEP.


iii. Identification of any control measures to be required and implemented


for non-storm water discharge categories identified under section (a)i


above.


iv. A description of a program to reduce pollutants from non-emergency fire


fighting flows identified by the Copermittee to be significant sources of


pollutants.


(b) Administrative and Legal Procedures


i. Certified statement by the chief legal counsel that the Copermittee has


adequate legal authority to implement and enforce each of the


requirements contained in 40 CFR 122.26(d)(2)(i)(A-F) and this Order.


ii. Identification of all departments within the jurisdiction that conduct


urban runoff related activities, and their roles and responsibilities under


the Order. Include an up-to-date organizational chart specifying these


departments and key personnel.


iii. Updated urban runoff related ordinances, with explanations of how they


are enforceable.


iv. Identification of the local administrative and legal procedures available


to mandate compliance with urban runoff related ordinances and


therefore with the conditions of the Order.


v. Description of how urban runoff related ordinances are implemented and


appealed.


vi. Description of whether the municipality can issue administrative orders


and injunctions or if it must go through the court system for enforcement


actions.


(c) Development Planning


i. A description of the water quality and watershed protection principles


that have been or will be included in the Copermittee’s General Plan, and


a time schedule for when modifications are planned, if applicable.


ii. A description of the Copermittee’s current environmental review process


and how it addresses impacts to water quality and appropriate mitigation


measures. If the Copermittee plans to modify the process during the


permit term, a time schedule for modifications shall be included.
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iii. A description of the development project approval process and


requirements.


iv. An updated SUSMP document that meets the applicable requirements


specified in sections D.1.d and D.1.g(6), including a description of LID


BMP requirements to be used prior to the Model SUSMP update. The


updated SUSMP may be submitted under separate cover as an


attachment to the JURMP.


v. A description of the database to be used to track and inventory approved


treatment control BMPs and treatment control BMP maintenance.


vi. A completed watershed-based inventory of approved treatment control


BMPs.


vii. A description of the program to be implemented to verify approved


treatment control BMPs are operating effectively and have been


adequately maintained, including information on treatment control BMP


inventory, prioritization, inspection, and annual verification.


viii. A description of inspections that will be conducted to verify BMPs have


been constructed according to requirements.


ix. A description of collaboration efforts to be conducted to develop the


HMP.


x. A description of enforcement mechanisms and how they will be used.


(d) Construction


i. Updated grading and other applicable ordinances.


ii. A description of the construction and grading approval processes.


iii. Updated construction and grading project requirements.


iv. A completed watershed-based inventory of all construction sites.


v. A description of steps that will be taken to maintain and update monthly


a watershed-based inventory of all construction sites.


vi. A list and description of the minimum BMPs that will be implemented,


or required to be implemented, including pollution prevention.


vii. A description of the maximum disturbed area allowed for grading before


either temporary or permanent erosion controls are implemented.


viii. A description of construction site conditions where advanced treatment


will be required.


ix. A description of the steps that will be taken to require and verify the


implementation of the designated BMPs at all construction sites.


x. A description of planned inspection frequencies.


xi. A description of inspection procedures.


xii. A description of steps that will be taken to track construction site


inspections to verify that all construction sites are inspected at the


minimum frequencies required.


xiii. A description of available enforcement mechanisms, under what


conditions each will be used, and how they will escalate.


xiv. A description of notification procedures for non-compliant sites.


(e) Municipal


i. A completed inventory of all municipal facilities and activities.


ii. A description of which BMPs will be implemented, or required to be


implemented, for municipal facilities and activities, including pollution


prevention.


iii. A description of which BMPs will be implemented, or required to be


implemented, for special events.
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iv. A description of steps that will be taken to require and verify the


implementation of designated BMPs at municipal facilities and activities.


v. A description of MS4 and MS4 facility inspection and maintenance


activities and schedules.


vi. A description of the management strategy and BMPs to be implemented


for pesticides, herbicides, and fertilizer use.


vii. A description of street and parking facility sweeping activities and


schedules.


viii. A description of controls and measures to be implemented to prevent and


eliminate infiltration of seepage from sanitary sewers to MS4s.


ix. A description of inspection frequencies and procedures.


x. A description of enforcement mechanisms and how they will be used.


(f) Industrial and Commercial


i. A completed and prioritized inventory of all industrial and commercial


sites/sources that could contribute a significant pollutant load to the


MS4.


ii. A list of minimum BMPs that will be implemented, or required to be


implemented, for each facility type or pollutant-generating activity,


including pollution prevention.


iii. A description of the steps that will be taken to require and verify the


implementation of designated BMPs, including notification efforts.


iv. Identification of high priority sites/sources and sites/sources to be


inspected during the first year of implementation.


v. A description of the steps taken to identify sites/sources to be inspected


during the first year of implementation, including rationale for their


selection.


vi. A description of steps that will be taken to identify sites/sources to be


inspected in subsequent years.


vii. A description of inspection procedures.


viii. A description of any third party inspection program to be implemented.


ix. A description of the program to be implemented to regulate mobile


businesses, including notification of BMP requirements and local


ordinances.


x. A description of enforcement mechanisms and how they will be used.


xi. A description of steps that will be taken to identify non-filers and notify


the Regional Board of non-filers.


(g) Residential


i. A list of residential areas and activities that have been identified as high


priority.


ii. A list of minimum BMPs that will be implemented, or required to be


implemented, for high priority residential activities.


iii. A description of which pollution prevention methods will be encouraged


for implementation, and the steps that will be taken to encourage


implementation.


iv. A description of the steps that will be taken to require and verify the


implementation of prescribed BMPs for high priority residential


activities.


v. A description of efforts to facilitate proper disposal of used oil and other


toxic materials.
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vi. A description of efforts to evaluate methods used for oversight of


residential areas and activities.


vii. A description of enforcement mechanisms and how they will be used.


(h) Illicit Discharge Detection and Elimination


i. A description of the program to actively seek and eliminate illicit


discharges and illicit connections.


ii. An updated MS4 map, including locations of the MS4, dry weather field


screening and analytical monitoring sites, and watersheds.


iii. A description of dry weather field screening and analytical monitoring to


be conducted (including procedures) which addresses all requirements


included in sections B.1-4 of Receiving Waters Monitoring and


Reporting Program No. R9-2006-0011.


iv. A description of investigation and inspection procedures to follow up on


dry weather monitoring results or other information which indicate


potential for illicit discharges and illicit connections.


v. A description of procedures to eliminate detected illicit discharges and


illicit connections.


vi. A description of enforcement mechanisms and how they will be used.


vii. A description of the mechanism to receive notification of spills.


viii. A description of measures to prevent, respond to, contain, and clean up


all sewage and other spills.


ix. A description of efforts to facilitate public reporting of illicit discharges


and connections, including a public hotline.


(i) Education


i. A description of the content, form, and frequency of education efforts for


each target community.


ii. A description of steps to be taken to educate underserved target


audiences, high-risk behaviors, and “allowable” behaviors and


discharges, including various ethnic and socioeconomic groups and


mobile sources.


iii. A description of the content, form, and frequency of education efforts


targeting municipal staff working on development planning,


construction, municipal, industrial/commercial, and other aspects of the


Jurisdictional Urban Runoff Management Program.


iv. A description of the content, form, and frequency of education efforts


targeting new development and construction target communities.


v. A description of the content, form, and frequency of jurisdictional


education efforts for the residential, general public, and school children


target communities.


(j) Public Participation


i. A description of the steps that will be taken to include public


participation in the development and implementation of each


Copermittee’s Jurisdictional Urban Runoff Management Program.


(k) Fiscal Analysis


i. A description of the fiscal analysis to be conducted annually, as required


by section G of this Order.
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(l) Program Effectiveness Assessment


i. A description of steps that will be taken to annually conduct program


effectiveness assessments in compliance with section I.1 of the Order.


ii. Identify measurable targeted outcomes, assessment measures, and


assessment methods to be used to assess the effectiveness of: (1) Each


significant jurisdictional activity or BMP to be implemented; (2)


Implementation of each major component of the Jurisdictional Urban


Runoff Management Program; and (3) Implementation of the


Jurisdictional Urban Runoff Management Program as a whole.


iii. Identify which of the outcome levels 1-6 will be utilized to assess the


effectiveness of each of the items listed in sections J.1.a.(3)(l)ii(1-3).


Where an outcome level is determined to not be applicable or feasible for


an item listed in sections J.1.a.(3)(l)ii(1-3), the Copermittee shall provide


a discussion exhibiting inapplicability or infeasibility.


iv. A description of the steps that will be taken to utilize monitoring data to


assess the effectiveness of each of the items listed in sections


J.1.a.(3)(l)ii(1-3).


v. A description of the steps that will be taken to improve the Copermittee’s


ability to assess program effectiveness using measurable targeted


outcomes, assessment measures, assessment methods, and outcome


levels 1-6. Include a time schedule for when improvement will occur.


vi. A description of the steps that will be taken to identify aspects of the


Copermittee’s Jurisdictional Urban Runoff Management Program that


will be changed, based on the results of the effectiveness assessment.


(m) JURMP Modification


i. Identification of the location in the JURMP of any changes made to the


JURMP in order to meet the requirements of Order No. R9-2007-0001.


b. WATERSHED URBAN RUNOFF MANAGEMENT PLANS


(1) Copermittees - The written account of the program conducted by each watershed


group of Copermittees is referred to as the Watershed Urban Runoff


Management Plan (WURMP). The Copermittees within each watershed shall be


responsible for updating and revising each WURMP, as specified in Table 4


above. Each WURMP shall be updated and revised to describe all activities the


watershed Copermittees will undertake to implement the Watershed Urban


Runoff Management Program requirements of section E of this Order.


(2) Lead Watershed Permittee - Each Lead Watershed Permittee shall be responsible


for producing its respective WURMP, as well as for coordination and meetings


amongst all member watershed Copermittees. Each Lead Watershed Permittee is


further responsible for the submittal of the WURMP to the Principal Permittee by


the date specified by the Principal Permittee.


(3) Principal Permittee – The Principal Permittee shall assemble and submit the


WURMPs to the Regional Board 365 days after adoption of this Order.


(4) Each WURMP shall include:


(a) Identification of the Lead Watershed Permittee for the watershed.


(b) An updated watershed map.
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(c) Identification and description of all applicable water quality data, reports,


analyses, and other information to be used to assess receiving water quality.


(d) Assessment and analysis of the watershed’s water quality data, reports,


analyses, and other information, including identification and prioritization of


the watershed’s water quality problems. Water quality problems and high


priority water quality problems shall be identified.


(e) Identification of the likely sources, pollutant discharges, and/or other factors


causing the high priority water quality problems within the watershed.


(f) A description of the program to be implemented to encourage collaborative,


watershed-based, land-use planning.


(g) A description of the strategy to be used to guide Copermittee implementation


of Watershed Water Quality Activities and Watershed Education Activities,


including criteria for evaluating and identifying effective activities.


(h) A list of potential Watershed Water Quality Activities, including a


description of each activity and its location(s).


(i) Identification and description of the Watershed Water Quality Activities to


be implemented by each Copermittee for the first year of implementation,


including justification for why the activities were chosen and a description of


how the activities are expected to reduce discharged pollutant loads, abate


pollutant sources, or result in other quantifiable benefits to discharge or


receiving water quality, in relation to the watershed’s high priority water


quality problem(s). Plans for activity implementation beyond the first year


of implementation should also be provided.


(j) A list of potential Watershed Education Activities.


(k) Identification and description of the Watershed Education Activities to be


implemented by each Copermittee for the first year of implementation,


including justification for why the activities were chosen and a description of


how the activities are expected to directly target the sources and discharges


of pollutants causing the watershed’s high priority water quality problems.


Plans for activity implementation beyond the first year of implementation


should also be provided.


(l) A description of the public participation mechanisms to be used and the


parties anticipated to be involved.


(m) A description of Copermittee collaboration to occur, including a schedule for


WURMP meetings.


(n) A description of any TMDL BMP Implementation Plan or equivalent plan to


be implemented under section H of this Order.
12


(o) A detailed description of the effectiveness assessment to be conducted for the


WURMP, including a description how each of the requirements in section I.2


of this Order will be met.


c. REGIONAL URBAN RUNOFF MANAGEMENT PLAN


(1) Copermittees - The written account of the regional program to be conducted is


referred to as the Regional Urban Runoff Management Plan (RURMP). Each


Copermittee shall collaborate with the other Copermittees to develop the


RURMP. The RURMP shall describe all activities the Copermittees will


undertake to implement the requirements of each component of Regional Urban


12
For TMDLs not yet approved by the Office of Administrative Law at the time of adoption of this Order,


TMDL BMP Implementation Plans shall be submitted separately 365 days following approval of the


TMDL.
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Runoff Management Program section F of this Order. At a minimum, the


RURMP shall contain the following information:


(a) A common activities section that describes the urban runoff management


activities to be implemented on a regional level. For regional activities


which are to be implemented in compliance with any jurisdictional


requirements of section D or watershed requirements of section E, it shall be


described how the regional activities achieve compliance with the subject


jurisdictional and/or watershed requirements.


(b) A description of steps that will be taken to facilitate assessment of the


effectiveness of jurisdictional, watershed, and regional programs.


(c) A description of the regional residential education program to be


implemented.


(d) A description of the strategy for development of the standardized fiscal


analysis method required by section G of this Order.


(e) A detailed description of the effectiveness assessment to be conducted for the


Regional Urban Runoff Management Program, including a description how


each of the requirements in section I.3 of this Order will be met.


(2) The Principal Permittee shall be responsible for creating and submitting the


RURMP. The Principal Permittee shall submit the RURMP to the Regional


Board 365 days after adoption of this Order.


2. Other Required Reports and Plans


a. HYDROMODIFICATION MANAGEMENT PLAN


(1) Copermittees - Each Copermittee shall collaborate with the other Copermittees to


develop the HMP. The HMP shall be submitted for approval by the Regional


Board.


(2) Principal Permittee - The Principal Permittee shall be responsible for producing


and submitting each document according to the schedule below.


(a) Within 180 days of adoption of the Order: Submit a detailed workplan and


schedule for completion of the literature review, development of a protocol


to identify an appropriate channel standard and limiting range of flow rates,


development of guidance materials, and other required information;


(b) Within 18 months of adoption of the Order: Submit progress report on


completion of requirements of the HMP;


(c) Within 2 years of adoption of the Order: Submit a draft HMP, including the


analysis that identifies the appropriate limiting range of flow rates;


(d) Within 180 days of receiving comments from the Regional Board: Submit


the HMP for Regional Board approval.


b. SUSMP UPDATES


Each Copermittee shall collaborate with the other Copermittees to update the Model


SUSMP. The Principal Permittee shall be responsible for producing and submitting


the updated Model SUSMP in accordance with the requirements of section


D.1.d.(8)(b). Each Copermittee shall submit its updated local SUSMP, consistent
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with the updated Model SUSMP, in accordance with the requirements of section


D.1.d.(8)(c).


c. LONG-TERM EFFECTIVENESS ASSESSMENT


In accordance with section I.5 of this Order, the Principal Permittee shall submit the


LTEA to the Regional Board no later than 210 days in advance of the expiration of


this Order.


d. REPORT OF WASTE DISCHARGE


The Principal Permittee shall submit to the Regional Board, no later than 210 days in


advance of the expiration date of this Order, a Report of Waste Discharge (ROWD)


as an application for issuance of new waste discharge requirements. At a minimum,


the ROWD shall include the following: (1) Proposed changes to the Copermittees’


urban runoff management programs; (2) Proposed changes to monitoring programs;


(3) Justification for proposed changes; (4) Name and mailing addresses of the


Copermittees; (5) Names and titles of primary contacts of the Copermittees; and (6)


Any other information necessary for the reissuance of this Order.


3. Annual Reports


a. JURISDICTIONAL URBAN RUNOFF MANAGEMENT PROGRAM ANNUAL


REPORTS


Each Jurisdictional Urban Runoff Management Program Annual Report shall contain


a comprehensive description of all activities conducted by the Copermittee to meet


all requirements of section D. The reporting period for these annual reports shall be


the previous fiscal year. For example, the report submitted September 30, 2008 shall


cover the reporting period July 1, 2007 to June 30, 2008.


(1) Copermittees – Each Copermittee shall generate individual Jurisdictional Urban


Runoff Management Program Annual Reports which cover implementation of its


jurisdictional activities during the past annual reporting period. Each


Copermittee shall submit to the Principal Permittee its individual Jurisdictional


Urban Runoff Management Program Annual Report by the date specified by the


Principal Permittee. Each individual Jurisdictional Urban Runoff Management


Program Annual Report shall be a comprehensive description of all activities


conducted by the Copermittees to meet all requirements of each component of


section D of this Order.


(2) Principal Permittee – The Principal Permittee shall submit Unified Jurisdictional


Urban Runoff Management Program Annual Reports to the Regional Board by


September 30 of each year, beginning on September 30, 2008. The Unified


Jurisdictional Urban Runoff Management Program Annual Report shall contain


the twenty-one individual Jurisdictional Urban Runoff Management Program


Annual Reports.


The Principal Permittee shall also be responsible for collecting and assembling


each Copermittees’ individual Jurisdictional Urban Runoff Management Program


Annual Report.
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(3) At a minimum, each Jurisdictional Urban Runoff Management Program Annual


Report shall contain the following information:


(a) Development Planning


i. A description of any amendments to the General Plan, the environmental


review process, development project approval processes, or development


project requirements.


ii. Confirmation that all development projects were required to undergo the


Copermittee’s urban runoff approval process and meet the applicable


project requirements, including a description of how this information was


tracked.


iii. A listing of the development projects to which SUSMP requirements


were applied.


iv. Confirmation that all applicable SUSMP BMP requirements were


applied to all priority development projects, including a description of


how this information was tracked.


v. At least one example of a priority development project that was


conditioned to meet SUSMP requirements and a description of the


required BMPs.


vi. A listing of the priority development projects which were allowed to


implement treatment control BMPs with low removal efficiency


rankings, including the feasibility analyses which were conducted to


exhibit that more effective BMPs were infeasible.


vii. An updated treatment control BMP inventory.


viii. The number of treatment control BMPs inspected, including a summary


of inspection results and findings.


ix. A description of the annual verification of operation and maintenance of


treatment control BMPs, including a summary of verification results and


findings.


x. Confirmation that BMP verification was conducted for all priority


development projects prior to occupancy, including a description of how


this information was tracked.


xi. A listing of any projects which received a SUSMP waiver.


xii. A description of implementation of any SUSMP waiver mitigation


program.


xiii. A description of Hydromodification Management Plan (HMP)


development collaboration and participation.


xiv. A listing of development projects required to meet HMP requirements,


including a description of hydrologic control measures implemented.


xv. A listing of priority development projects not required to meet HMP


requirements, including a description of why the projects were found to


be exempt from the requirements.


xvi. A listing of development projects disturbing 50 acres or more, including


information on whether Interim Hydromodification Criteria were met by


each of the projects, together with a description of hydrologic control


measures implemented for each applicable project.


xvii. The number of violations and enforcement actions (including types)


taken for development projects, including information on any necessary


follow-up actions taken. The discussion should exhibit that compliance


has been achieved, or describe actions that are being taken to achieve


compliance.
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xviii. A description of notable activities conducted to manage urban runoff


from development projects.


(b) Construction


i. Confirmation that all construction sites were required to undergo the


Copermittee’s construction urban runoff approval process and meet the


applicable construction requirements, including a description of how this


information was tracked.


ii. Confirmation that a regularly updated construction site inventory was


maintained, including a description of how the inventory was managed.


iii. A description of modifications made to the construction and grading


ordinances and approval processes.


iv. Confirmation that the designated BMPs were implemented, or required


to be implemented, for all construction sites.


v. Confirmation that a maximum disturbed area for grading was applied to


all applicable construction sites.


vi. A listing of all construction sites with conditions requiring advanced


treatment, together with confirmation that advanced treatment was


required at such construction sites.


vii. For each construction site within each priority category (high, medium,


and low), identification of the period of time (weeks) the site was active


within the rainy season, the number of inspections conducted during the


rainy season, and the number of inspections conducted during the dry


season, and the total number of inspections conducted for all sites.


viii. A description of the general results of the inspections.


ix. Confirmation that the inspections conducted addressed all the required


inspection steps to determine full compliance.


x. The number of violations and enforcement actions (including types)


taken for construction sites, including information on any necessary


follow-up actions taken. The discussion should exhibit that compliance


has been achieved, or describe actions that are being taken to achieve


compliance.


xi. A description of notable activities conducted to manage urban runoff


from construction sites.


(c) Municipal


i. Any updates to the municipal inventory and prioritization.


ii. Confirmation that the designated BMPs were implemented, or required


to be implemented, for municipal areas and activities, as well as special


events.


iii. A description of inspections and maintenance conducted for municipal


treatment controls.


iv. Identification of the total number of catch basins and inlets, the number


of catch basins and inlets inspected, the number of catch basins and inlets


found with accumulated waste exceeding cleaning criteria, and the


number of catch basins and inlets cleaned.


v. Identification of the total distance (miles) of the MS4, the distance of the


MS4 inspected, the distance of the MS4 found with accumulated waste


exceeding cleaning criteria, and the distance of the MS4 cleaned.


vi. Identification of the total distance (miles) of open channels, the distance


of open channels inspected, the distance of open channels found with


anthropogenic litter, and the distance of open channels cleaned.
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vii. Amount of waste and litter (tons) removed from catch basins, inlets, the


MS4, and open channels, by category.


viii. Identification of any MS4 facility found to require inspection less than


annually following two years of inspection, including justification for the


finding.


ix. Confirmation that the designated BMPs for pesticides, herbicides, and


fertilizers were implemented, or required to be implemented, for


municipal areas and activities.


x. Identification of the total distance of curb-miles of improved roads,


streets, and highways identified as consistently generating the highest


volumes of trash and/or debris, as well as the frequency of sweeping


conducted for such roads, streets, and highways.


xi. Identification of the total distance of curb-miles of improved roads,


streets, and highways identified as consistently generating moderate


volumes of trash and/or debris, as well as the frequency of sweeping


conducted for such roads, streets, and highways.


xii. Identification of the total distance of curb-miles of improved roads,


streets, and highways identified as consistently generating low volumes


of trash and/or debris, as well as the frequency of sweeping conducted


for such roads, streets, and highways.


xiii. Identification of the total distance of curb-miles swept.


xiv. Identification of the number of municipal parking lots, the number of


municipal parking lots swept, and the frequency of sweeping.


xv. Amount of material (tons) collected from street and parking lot


sweeping.


xvi. A description of efforts implemented to prevent and eliminate infiltration


from the sanitary sewer to the MS4


xvii. Identification of the number of sites requiring inspections, the number of


sites inspected, and the frequency of the inspections.


xviii. A description of the general results of the inspections.


xix. Confirmation that the inspections conducted addressed all the required


inspection steps to determine full compliance.


xx. The number of violations and enforcement actions (including types)


taken for municipal areas and activities, including information on any


necessary follow-up actions taken. The discussion should exhibit that


compliance has been achieved, or describe actions that are being taken to


achieve compliance.


xxi. A description of notable activities conducted to manage urban runoff


from municipal areas and activities.


(d) Industrial and Commercial


i. Any updates to the industrial and commercial inventory.


ii. Confirmation that the designated BMPs were implemented, or required


to be implemented, for industrial and commercial sites/sources.


iii. A description of efforts taken to notify owners/operators of industrial and


commercial sites/sources of BMP requirements, including mobile


businesses.


iv. Identification of the total number of industrial and commercial


sites/sources inventoried and the total number inspected.


v. Justification and rationale for why the industrial and commercial


sites/sources inspected were chosen for inspection.







Order No. R9-2007-0001 January 24, 200769


vi. Confirmation that all inspections conducted addressed all the required


inspection steps to determine full compliance.


vii. Identification of the number of third party inspections conducted.


viii. Identification of efforts conducted to verify third party inspection


effectiveness.


ix. A description of efforts implemented to address mobile businesses.


x. The number of violations and enforcement actions (including types)


taken for industrial and commercial sites/sources, including information


on any necessary follow-up actions taken. The discussion should exhibit


that compliance has been achieved, or describe actions that are being


taken to achieve compliance.


xi. A description of steps taken to identify non-filers and a list of non-filers


(under the General Industrial Permit) identified by the Copermittees.


xii. A description of notable activities conducted to manage urban runoff


from industrial and commercial sites/sources.


(e) Residential


i. Identification of the high threat to water quality residential areas and


activities that were focused on.


ii. Confirmation that the designated BMPs were implemented, or required


to be implemented, for residential areas and activities.


iii. A description of efforts implemented to facilitate proper management


and disposal of used oil and other household hazardous materials.


iv. Types and amounts of household hazardous wastes collected, if


applicable.


v. A description of any evaluation of methods used for oversight of


residential areas and activities, as well as any findings of the evaluation.


vi. The number of violations and enforcement actions (including types)


taken for residential areas and activities, including information on any


necessary follow-up actions taken. The discussion should exhibit that


compliance has been achieved, or describe actions that are being taken to


achieve compliance.


vii. A description of collaboration efforts taken to develop and implement the


Regional Residential Education Program.


viii. A description of notable activities conducted to manage urban runoff


from residential areas and activities.


(f) Illicit Discharge Detection and Elimination


i. Correction of any inaccuracies in either the MS4 map or the Dry Weather


Field Screening and Analytical Stations Map.


ii. Reporting of all dry weather field screening and analytical monitoring


results. The data should be presented in tabular and graphical form. The


reporting shall include station locations, all dry weather field screening


and analytical monitoring results, identification of sites where results


exceeded action levels, follow-up and elimination activities for potential


illicit discharges and connections, the rationale for why follow-up


investigations were not conducted at sites where action levels were


exceeded, any Copermittee or consultant program


recommendations/changes resulting from the monitoring, and


documentation that these recommendations/changes have been


implemented. Dry weather field screening and analytical monitoring


reporting shall comply with all monitoring and standard reporting
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requirements in Attachment B of Order No. R9-2007-0001 and


Receiving Waters Monitoring and Reporting Program No. R9-2007-


0001.


iii. Any dry weather field screening and analytical monitoring consultant


reports generated, to be provided as an attachment to the annual report.


iv. A brief description of any other investigations and follow-up activities


for illicit discharges and connections.


v. The number and brief description of illicit discharges and connections


identified.


vi. The number of illicit discharges and connections eliminated.


vii. Identification and description of all spills to the MS4 and response to the


spills.


viii. A description of activities implemented to prevent sewage and other


spills from entering the MS4.


ix. A description of the mechanism whereby notification of sewage spills


from private laterals and septic systems is received.


x. Number of times the hotline was called, as compared to previous


reporting periods, and a summary of the calls.


xi. A description of efforts to publicize and facilitate public reporting of


illicit discharges.


xii. The number of violations and enforcement actions (including types)


taken for illicit discharges and connections, including information on any


necessary follow-up actions taken. The discussion should exhibit that


compliance has been achieved, or describe actions that are being taken to


achieve compliance.


xiii. A description of notable activities conducted to manage illicit discharges


and connections.


(g) Education


i. A description of education efforts conducted for each target community.


ii. A description of how education efforts targeted underserved target


audiences, high-risk behaviors, and “allowable” behaviors and


discharges.


iii. A description of education efforts conducted for municipal departments


and personnel.


iv. A description of education efforts conducted for the new development


and construction communities.


v. A description of jurisdictional education efforts conducted for residents,


the general public, and school children.


(h) Public Participation


i. A description of public participation efforts conducted.


(i) Program Effectiveness Assessment


i. An assessment of the effectiveness of the Jurisdictional Urban Runoff


Management Program which meets all requirements of section I.1 of this


Order.


(j) Fiscal Analysis


i. A fiscal analysis of the Copermittee’s urban runoff management


programs which meets all requirements of section G of this Order.
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(k) Special Investigations


i. A description of any special investigations conducted.


(l) Non-Emergency Fire Fighting


i. A description of any efforts conducted to reduce pollutant discharges


from non-emergency fire fighting flows.


(m) JURMP Revisions


i. A description of any proposed revisions to the JURMP.


b. WATERSHED URBAN RUNOFF MANAGEMENT PROGRAM ANNUAL


REPORTS


(1) Lead Watershed Permittee - Each Lead Watershed Permittee shall generate


watershed specific Watershed Urban Runoff Management Program Annual


Reports for their respective watershed(s), as they are outlined in Table 4 of Order


No. R9-2007-0001. Copermittees within each watershed shall collaborate with


the Lead Watershed Permittee to generate the Watershed Urban Runoff


Management Program Annual Reports.


(2) Each Watershed Urban Runoff Management Program Annual Report shall be a


comprehensive documentation of all activities conducted by the watershed


Copermittees during the previous annual reporting period to meet all


requirements of section E of Order No. R9-2007-0001. Each Watershed Urban


Runoff Management Program Annual Report shall also serve as an update to the


WURMP.
13


Each Watershed Urban Runoff Management Program Annual


Report shall, at a minimum, contain the following for its reporting period:


(a) A comprehensive description of all activities conducted by the watershed


Copermittees to meet all requirements of section E of Order No. R9-2007-


0001.


(b) Any updates to the watershed map.


(c) An updated assessment and analysis of the watershed’s current and past


applicable water quality data, reports, analyses, and other information,


including identification of the watershed’s water quality problems and high


priority water quality problem(s) during the reporting period. The annual


report shall clearly state if the watershed’s high priority water quality


problem(s) changed from the previous reporting period, and provide


justification for the change(s).


(d) Identification of the likely sources, pollutant discharges, and/or other factors


causing the high priority water quality problems within the watershed. The


annual report shall clearly describe any changes to the identified sources,


pollutant discharges, and/or other factors that have occurred since the


previous reporting period, and provide justification for the changes.


13
The first annual report to be submitted is not anticipated to be an update to the WURMP, since it will


cover the reporting period which begins immediately after WURMP submittal.
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(e) An updated list of potential Watershed Water Quality Activities. The annual


report shall clearly describe any changes to the list of Watershed Water


Quality Activities that have occurred since the previous reporting period, and


provide justification for the changes.


(f) Identification and description of the Watershed Water Quality Activities


implemented by each Copermittee during the reporting period, including


information on the activities’ location(s), as well as information exhibiting


that the activities in active implementation phase reduced discharged


pollutant loads, abated pollutant sources, or resulted in other quantifiable


benefits to discharge or receiving water quality, in relation to the watershed’s


high priority water quality problem(s). The annual report shall clearly


describe any changes to Watershed Water Quality Activities implementation


that have occurred since the previous reporting period, and provide


justification for the changes.


(g) An updated list of potential Watershed Education Activities. The annual


report shall clearly describe any changes to the list of Watershed Education


Activities that have occurred since the previous reporting period, and provide


justification for the changes.


(h) Identification and description of the Watershed Education Activities


implemented by each Copermittee for the reporting period, including


information exhibiting that the activities directly targeted the sources and


discharges of pollutants causing the watershed’s high priority water quality


problems, and that activities in active implementation phase changed target


audience attitudes, knowledge, awareness, or behavior. The annual report


shall clearly describe any changes to Watershed Education Activities


implementation that have occurred since the previous reporting period, and


provide justification for the changes.


(i) A description of the public participation mechanisms used during the


reporting period and the parties that were involved.


(j) A description of Copermittee collaboration efforts.


(k) A description of efforts implemented to encourage collaborative, watershed-


based, land-use planning.


(l) A description of all TMDL activities implemented (including BMP


Implementation Plan or equivalent plan activities) for each approved TMDL


in the watershed. The description shall include:


i. Any additional source identification information;


ii. The number, type, location, and other relevant information about BMP


implementation, including any expanded or better tailored BMPs


necessary to meet the WLAs;


iii. Updates in the BMP implementation prioritization and schedule;


iv. An assessment of the effectiveness of the BMP Implementation Plan,


which meets the requirements of section I.4 Order No. R9-2007-0001;


and
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v. A discussion of the progress to date in meeting the TMDL Numeric


Targets and WLAs, which incorporates the results of the effectiveness


assessment, compliance monitoring, and an evaluation of additional


efforts needed to date.


(m) An assessment of the effectiveness of the WURMP, which meets the


requirements of section I.2 of Order No. R9-2007-0001. The effectiveness


assessment shall attempt to qualitatively or quantitatively exhibit the impact


that implementation of the Watershed Water Quality Activities and the


Watershed Education Activities had on the high priority water quality


problem(s) within the watershed. This information shall document changes


in pollutant load discharges, urban runoff and discharge quality, and


receiving water quality, where applicable and feasible.


(3) Principal Permittee – The Unified Watershed Urban Runoff Management


Program Annual Report shall contain the nine separate Watershed Urban Runoff


Management Program Annual Reports. Each Lead Watershed Copermittee shall


submit to the Principal Permittee a Watershed Urban Runoff Management


Program Annual Report by the date specified by the Principal Permittee. The


Principal Permittee shall assemble and submit the Unified Watershed Urban


Runoff Management Program Annual Report to the Regional Board by January


31, 2009 and every January 31 thereafter. The reporting period for these annual


reports shall be the previous fiscal year. For example, the report submitted


January 31, 2009 shall cover the reporting period July 1, 2007 to June 30, 2008.


c. REGIONAL URBAN RUNOFF MANAGEMENT PROGRAM ANNUAL


REPORTS


The Principal Permittee shall generate the Regional Urban Runoff Management


Program Annual Reports. All Copermittees shall collaborate with the Principal


Permittee to generate the Regional Urban Runoff Management Program Annual


Reports. Each Regional Urban Runoff Management Program Annual Report shall be


a comprehensive documentation of all regional activities conducted by the


Copermittees during the previous annual reporting period to meet all requirements of


section F of Order No. R9-2007-0001.


The Principal Permittee shall submit the Regional Urban Runoff Management


Program Annual Report to the Regional Board by January 31, 2009 and every


January 31 thereafter. The reporting period for these annual reports shall be the


previous fiscal year. For example, the report submitted January 31, 2009 shall cover


the reporting period July 1, 2007 to June 30, 2008.


Each Regional Urban Runoff Management Program Annual Report shall, at a


minimum, contain the following:


(1) A common activities section that describes the urban runoff management


activities or BMPs implemented on a regional level, including information on


how the activities complied with jurisdictional or watershed requirements, if


applicable.


(2) A description of steps taken to facilitate assessment of the effectiveness of


jurisdictional, watershed, and regional programs.
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(3) A description of the regional residential education activities implemented as part


of the regional residential education program.


(4) A description of steps taken to develop and implement the standardized fiscal


analysis method.


(5) An assessment of the effectiveness of the Regional Urban Runoff Management


Program which meets the requirements of section I.3 of Order No. R9-2007-


0001.


4. Interim Reporting Requirements - For the July 2006–June 2007 reporting period,


Jurisdictional URMP and Watershed URMP Annual Reports shall be submitted on


January 31, 2008. Each Jurisdictional URMP and Watershed URMP Annual Report


submitted for this reporting period shall at a minimum be comprehensive descriptions of


all activities conducted to fully implement the Copermittees’ Jurisdictional URMP and


Watershed URMP documents, as those documents were developed to comply with the


requirements of Order No. 2001-01. The Principal Permittee shall be responsible for


submitting these documents in a unified manner, consistent with the unified reporting


requirements of Order No. 2001-01.


5. Annual Report Integration


a. The Copermittees are encouraged to submit, for Regional Board review and approval,


an annual reporting format which integrates the information submitted in the


JURMP, WURMP, and RURMP Annual Reports and Monitoring Reports. This


document shall be called the “Integrated Annual Report Format.” The Integrated


Annual Report Format should:


(1) Exhibit compliance with all requirements of JURMP, WURMP, and RURMP


sections D, E, and F of Order No. R9-2007-0001.


(2) Report all information required in section J.3 of Order No. R9-2007-0001.


(3) Report all information required in the Monitoring and Reporting program.


(4) Provide consistent and comparable reporting of jurisdictional and watershed


information by all Copermittees and watershed groups.


(5) Specifically identify all types of information that will be reported (e.g., amount


of debris collected during street sweeping), including reporting criteria for each


type of information (e.g., reported in tons).


(6) Describe quality assurance/quality control methods to be used to assess


accuracy of jurisdictional and watershed information conveyed.


(7) Describe each Copermittee’s reporting responsibilities under the format.


(8) Improve the Copermittees’ ability to assess JURMP and WURMP


effectiveness in terms of water quality.


(9) Include a separate section for reporting on each Copermittee’s activities.


(10) Include a separate section for reporting on each watershed’s activities.


b. Upon approval of the Integrated Annual Report Format by the Regional Board, an


Integrated Annual Report shall be submitted annually, which may substitute for the


JURMP Annual Reports, WURMP Annual Reports, RURMP Annual Report, and/or


Monitoring Reports, as approved by the Regional Board. The Principal Permittee


shall be responsible for the generation and submittal of the Integrated Annual


Reports. Each Copermittee shall be responsible for the information in the Integrated


Annual Report pertaining to its jurisdictional, watershed, regional, and monitoring


responsibilities. The Integrated Annual Report shall be submitted the first January 31


following approval of the reporting format by the Regional Board, and every January
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31 thereafter. The reporting period for Integrated Annual Reports shall be the


previous fiscal year. For example, a report submitted January 31, 2010 shall cover


the reporting period July 1, 2008 to June 30, 2009.


c. The format and information provided in Integrated Annual Reports shall match and


be consistent with the format and information described in the Integrated Annual


Report Format.


6. Universal Reporting Requirements


All submittals shall include an executive summary, introduction, conclusion,


recommendations, and signed certified statement. Each Copermittee shall submit a


signed certified statement covering its responsibilities for each applicable submittal. The


Principal Permittee shall submit a signed certified statement covering its responsibilities


for each applicable submittal and the sections of the submittals for which it is


responsible.


K. MODIFICATION OF PROGRAMS


Modifications of Jurisdictional Urban Runoff Management Programs, Watershed Urban


Runoff Management Programs, and/or the Regional Urban Runoff Management Program


may be initiated by the Executive Officer or by the Copermittees. Requests by Copermittees


shall be made to the Executive Officer, and shall be submitted during the annual review


process. Requests for modifications should be incorporated, as appropriate, into the Annual


Reports or other deliverables required or allowed under this Order.


1. Minor Modifications – Minor modifications to Jurisdictional Urban Runoff Management


Programs, Watershed Urban Runoff Management Programs, and/or the Regional Urban


Runoff Management Program may be accepted by the Executive Officer where the


Executive Officer finds the proposed modification complies with all discharge


prohibitions, receiving water limitations, and other requirements of this Order.


2. Modifications Requiring an Amendment to this Order – Proposed modifications that are


not minor shall require amendment of this Order in accordance with this Order’s rules,


policies, and procedures.


L. ALL COPERMITTEE COLLABORATION


1. Each Copermittee collaborate with all other Copermittees regulated under this Order to


address common issues, promote consistency among Jurisdictional Urban Runoff


Management Programs and Watershed Urban Runoff Management Programs, and to plan


and coordinate activities required under this Order.


a. Management Structure - All Copermittees shall jointly execute and submit to the


Regional Board no later than 180 days after adoption of this Order, a Memorandum


of Understanding, Joint Powers Authority, or other instrument of formal agreement


which at a minimum:


(1) Identifies and defines the responsibilities of the Principal Permittee and Lead


Watershed Permittees;


(2) Identifies Copermittees and defines their individual and joint responsibilities,


including watershed responsibilities;
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(3) Establishes a management structure to promote consistency and develop and


implement regional activities;


(4) Establishes standards for conducting meetings, decision-making, and cost-


sharing;


(5) Provides guidelines for committee and workgroup structure and responsibilities;


(6) Lays out a process for addressing Copermittee non-compliance with the formal


agreement; and


(7) Includes any and all other collaborative arrangements for compliance with this


Order.


M. PRINCIPAL PERMITTEE RESPONSIBILITIES


Within 180 days of adoption of this Order, the Copermittees shall designate the Principal


Permittee and notify the Regional Board of the name of the Principal Permittee. The


Principal Permittee shall, at a minimum:


1. Serve as liaison between the Copermittees and the Regional Board on general permit


issues, and when necessary and appropriate, represent the Copermittees before the


Regional Board.


2. Coordinate permit activities among the Copermittees and facilitate collaboration on the


development and implementation of programs required under this Order.


3. Integrate individual Copermittee documents and reports into single unified documents


and reports for submittal to the Regional Board as required under this Order.


4. Produce and submit documents and reports as required by section J of this Order and


Receiving Waters and Urban Runoff Monitoring and Reporting Program No. R9-2007-


0001.


5. Submit to the Regional Board, within 180 days of adoption of this Order, a formal


agreement between the Copermittees which provides a management structure for meeting


the requirements of this Order (as described in section L).


6. Coordinate joint development by all of the Copermittees of standardized format(s) for all


documents and reports required under this Order (e.g., JURMPs, WURMPs, annual


reports, monitoring reports, etc.). The standardized reporting format(s) shall be used by


all Copermittees. The Principal Permittee shall submit the standardized format(s) to the


Regional Board for review no later than 180 days after adoption of this Order.


N. RECEIVING WATERS MONITORING AND REPORTING PROGRAM


Pursuant to CWC section 13267, the Copermittees shall comply with all the requirements


contained in Receiving Waters and Urban Runoff Monitoring and Reporting Program No.


R9-2007-0001.


O. STANDARD PROVISIONS, REPORTING REQUIREMENTS, AND


NOTIFICATIONS


1. Each Copermittee shall comply with Standard Provisions, Reporting Requirements, and


Notifications contained in Attachment B of this Order. This includes 24 hour/5day


reporting requirements for any instance of non-compliance with this Order as described
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ATTACHMENT A


BASIN PLAN PROHIBITIONS


California Water Code Section 13243 provides that a Regional Board, in a water quality control


plan, may specify certain conditions or areas where the discharge of waste, or certain types of


waste is not permitted. The following discharge prohibitions are applicable to any person, as


defined by Section 13050(c) of the California Water Code, who is a citizen, domiciliary, or


political agency or entity of California whose activities in California could affect the quality of


waters of the state within the boundaries of the San Diego Region.


1. The discharge of waste to waters of the state in a manner causing, or threatening to cause


a condition of pollution, contamination or nuisance as defined in California Water Code


Section 13050, is prohibited.


2. The discharge of waste to land, except as authorized by waste discharge requirements or


the terms described in California Water Code Section 13264 is prohibited.


3. The discharge of pollutants or dredged or fill material to waters of the United States


except as authorized by a NPDES permit or a dredged or fill material permit (subject to


the exemption described in California Water Code Section 13376) is prohibited.


4. Discharges of recycled water to lakes or reservoirs used for municipal water supply or to


inland surface water tributaries thereto are prohibited, unless this Regional Board issues a


NPDES permit authorizing such a discharge; the proposed discharge has been approved


by the State Department of Health Services and the operating agency of the impacted


reservoir; and the discharger has an approved fail-safe long-term disposal alternative.


5. The discharge of waste to inland surface waters, except in cases where the quality of the


discharge complies with applicable receiving water quality objectives, is prohibited.


Allowances for dilution may be made at the discretion of the Regional Board.


Consideration would include streamflow data, the degree of treatment provided and


safety measures to ensure reliability of facility performance. As an example, discharge of


secondary effluent would probably be permitted if streamflow provided 100:1 dilution


capability.


6. The discharge of waste in a manner causing flow, ponding, or surfacing on lands not


owned or under the control of the discharger is prohibited, unless the discharge is


authorized by the Regional Board.


7. The dumping, deposition, or discharge of waste directly into waters of the state, or


adjacent to such waters in any manner which may permit its being transported into the


waters, is prohibited unless authorized by the Regional Board.


8. Any discharge to a storm water conveyance system that is not composed entirely of


"storm water" is prohibited unless authorized by the Regional Board. [The federal


regulations, 40 CFR 122.26(b)(13), define storm water as storm water runoff, snow melt


runoff, and surface runoff and drainage. 40 CFR 122.26(b)(2) defines an illicit discharge


as any discharge to a storm water conveyance system that is not composed entirely of


storm water except discharges pursuant to a NPDES permit and discharges resulting from
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fire fighting activities. [§122.26 amended at 56 FR 56553, November 5, 1991; 57 FR


11412, April 2, 1992].


9. The unauthorized discharge of treated or untreated sewage to waters of the state or to a


storm water conveyance system is prohibited.


10. The discharge of industrial wastes to conventional septic tank/subsurface disposal


systems, except as authorized by the terms described in California Water Code Section


13264, is prohibited.


11. The discharge of radioactive wastes amenable to alternative methods of disposal into the


waters of the state is prohibited.


12. The discharge of any radiological, chemical, or biological warfare agent into waters of


the state is prohibited.


13. The discharge of waste into a natural or excavated site below historic water levels is


prohibited unless the discharge is authorized by the Regional Board.


14. The discharge of sand, silt, clay, or other earthen materials from any activity, including


land grading and construction, in quantities which cause deleterious bottom deposits,


turbidity or discoloration in waters of the state or which unreasonably affect, or threaten


to affect, beneficial uses of such waters is prohibited.


15. The discharge of treated or untreated sewage from vessels to Mission Bay, Oceanside


Harbor, Dana Point Harbor, or other small boat harbors is prohibited.


16. The discharge of untreated sewage from vessels to San Diego Bay is prohibited.


17. The discharge of treated sewage from vessels to portions of San Diego Bay that are less


than 30 feet deep at mean lower low water (MLLW) is prohibited.


18. The discharge of treated sewage from vessels, which do not have a properly functioning


US Coast Guard certified Type I or Type II marine sanitation device, to portions of San


Diego Bay that are greater than 30 feet deep at mean lower low water (MLLW) is


prohibited.
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ATTACHMENT B


STANDARD PROVISIONS, REPORTING REQUIREMENTS, AND NOTIFICATIONS


1. STANDARD PROVISIONS – PERMIT COMPLIANCE [40 CFR 122.41]


(a) Duty to comply [40 CFR 122.41(a)].


(1) The Copermittee must comply with all of the conditions of this Order. Any


noncompliance constitutes a violation of the Clean Water Act (CWA) and the California


Water Code (CWC) and is grounds for enforcement action, for permit termination,


revocation and reissuance, or modification; or denial of a permit renewal application.


(2) The Copermittee shall comply with effluent standards or prohibitions established under


section 307(a) of the CWA toxic pollutants and with standards for sewage sludge use or


disposal established under section 405(d) of the CWA within the time provided in the


regulations that establish these standards or prohibitions or standards for sewage sludge


use or disposal, even if the Order has not yet been modified to incorporate the


requirement.


(b) Need to halt or reduce activity not a defense [40 CFR 122.41(c)]. It shall not be a defense


for the Copermittee in an enforcement action that it would have been necessary to halt or


reduce the permitted activity in order to maintain compliance with the conditions of this


Order.


(c) Duty to mitigate [40 CFR 122.41(d)]. The Copermittee shall take all reasonable steps to


minimize or prevent any discharge or prevent any discharge or sludge use or disposal in


violation of this Order that has a reasonable likelihood of adversely affecting human health or


the environment.


(d) Proper operation and maintenance [40 CFR 122.41(e)]. The Copermittee shall at all times


properly operate and maintain all facilities and systems of treatment and control (and related


appurtenances) which are installed or used by the Copermittee to achieve compliance with the


conditions of this Order. Proper operation and maintenance also includes adequate laboratory


controls and appropriate quality assurance procedures. This provision requires the operation


of back-up or auxiliary facilities or similar systems that are installed by the Copermittee only


when necessary to achieve compliance with the conditions of this Order.


(e) Property rights [40 CFR 122.41(g)].


(1) This Order does not convey any property rights of any sort or any exclusive privilege.


(2) The issuance of this Order does not authorize any injury to persons or property or


invasion of other private rights, or any infringement of State or local law or regulations.


(f) Inspection and entry [40 CFR 122.41(i)]. The Copermittee shall allow the Regional Water


Quality Control Board, San Diego Region (Regional Board), State Water Resources Control


Board (SWRCB), United States Environmental Protection Agency (USEPA), and/or their


authorized representatives (including an authorized contractor acting as their representative),


upon presentation of credentials and other documents as may be required by law, to:
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(1) Enter upon the Copermittee’s premises where a regulated facility or activity is located or


conducted, or where records must be kept under the conditions of this Order;


(2) Have access to and copy, at reasonable times, any records that must be kept under the


conditions of this Order;


(3) Inspect and photograph, at reasonable times, any facilities, equipment (including


monitoring and control equipment), practices, or operations regulated or required under


this Order; and


(4) Sample or monitor, at reasonable times, for the purpose of assuring Order compliance or


as otherwise authorized by the CWA or the CWC, any substances or parameters at any


location.


(g) Bypass [40 CFR 122.41(m)]


(1) Definitions:


i) "Bypass" means the intentional diversion of waste streams from any portion of a


treatment facility.


ii) "Severe property damage" means substantial physical damage to property, damage to


the treatment facilities, which causes them to become inoperable, or substantial and


permanent loss of natural resources that can reasonably be expected to occur in the


absence of a bypass. Severe property damage does not mean economic loss caused


by delays in production.


(2) Bypass not exceeding limitations - The Copermittee may allow any bypass to occur


which does not cause exceedances of effluent limitations, but only if it also is for


essential maintenance to assure efficient operation. These bypasses are not subject to the


provisions listed in Standard Provisions – Permit Compliance (g)(3), (g)(4) and (g)(5)


below.


(3) Prohibition of Bypass - Bypass is prohibited, and the Regional Board may take


enforcement action against a Copermittee for bypass, unless:


i) Bypass was unavoidable to prevent loss of life, personal injury, or severe property


damage;


ii) There were no feasible alternatives to the bypass, such as the use of auxiliary


treatment facilities, retention of untreated wastes, or maintenance during normal


periods of equipment downtime. This condition is not satisfied if adequate back-up


equipment should have been installed in the exercise of reasonable engineering


judgment to prevent a bypass which occurred during normal periods of equipment


downtime or preventive maintenance; and


iii) The Copermittee submitted notice as required under Standard Provisions – Permit


Compliance (g)(3) above.


(4) Notice


i) Anticipated bypass. If the Copermittee knows in advance of the need for a bypass, it


shall submit a notice, if possible at least ten days before the date of the bypass.


ii) Unanticipated bypass. The Copermittee shall submit notice of an unanticipated


bypass as required in Standard Provisions 5(e) below (24-hour notice).
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(h) Upset [40 CFR 122.41(n)] Upset means an exceptional incident in which there is


unintentional and temporary noncompliance with technology based effluent limitations


because of factors beyond the reasonable control of the Copermittee. An upset does not


include noncompliance to the extent caused by operational error, improperly designed


treatment facilities, inadequate treatment facilities, lack of preventive maintenance, or


careless or improper operation.


(1) Effect of an upset. An upset constitutes an affirmative defense to an action brought for


noncompliance with such technology based permit effluent limitations if the requirements


of Standard Provisions – Permit Compliance (h)(2) below are met. No determination


made during administrative review of claims that noncompliance was caused by upset,


and before an action for noncompliance, is final administrative action subject to judicial


review.


(2) Conditions necessary for a demonstration of upset. A Copermittee who wishes to


establish the affirmative defense of upset shall demonstrate, through properly signed,


contemporaneous operating logs, or other relevant evidence that:


i) An upset occurred and that the Copermittee can identify the cause(s) of the upset;


ii) The permitted facility was at the time being properly operated;


iii) The Copermittee submitted notice of the upset as required in Standard Provisions –


Permit Compliance (5)(e)(ii)(B) below (24-hour notice); and


iv) The Copermittee complied with any remedial measures required under Standard


Provisions – Permit Compliance 1(c) above.


(3) Burden of Proof. In any enforcement proceeding, the Copermittee seeking to establish


the occurrence of an upset has the burden of proof.


2. STANDARD PROVISIONS – PERMIT ACTION


(a) General [40 CFR 122.41(f)] This Order may be modified, revoked and reissued, or


terminated for cause. The filing of a request by the Copermittee for modification, revocation


and reissuance, or termination, or a notification of planned changes or anticipated


noncompliance does not stay any Order condition.


(b) Duty to reapply [40 CFR 122.41(b)]. If the Copermittee wishes to continue an activity


regulated by this Order after the expiration date of this Order, the Copermittee must apply for


and obtain new permit.


(c) Transfers. This Order is not transferable to any person except after notice to the Regional


Board. The Regional Board may require modification or revocation and reissuance of the


Order to change the name of the Copermittee and incorporate such other requirements as may


be necessary under the CWA and the CWC.


3. STANDARD PROVISIONS – MONITORING


(a) Samples and measurements taken for the purpose of monitoring shall be representative of the


monitored activity. [40 CFR Section 122.41 (j) (1)]


(b) Monitoring results must be conducted according to test procedures under 40 CFR Part 136, or


in the case of sludge use or disposal, approved under 40 CFR Part 136 unless otherwise
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specified in 40 CFR Part 503 unless other test procedures have been specified in this Order


[40 CFR Section 122.41(j)(4)][40 CFR Section 122.44(i)(1)(iv)].


4. STANDARD PROVISIONS – RECORDS


(a) Except for records of monitoring information required by this Order related to the


Copermittee’s sewage sludge use and disposal activities, which shall be retained for a period


of at least five years (or longer as required by 40 CFR Part 503), the Copermittee shall retain


records of all monitoring information, including all calibration and maintenance records and


all original strip chart recordings for continuous monitoring instrumentation, copies of all


reports required by this Order, and records of all data used to complete the application for this


Order, for a period of at least three (3) years from the date of the sample, measurement, report


or application, This period may be extended by request of the Regional Water Board


Executive Officer at any rime [40 CFR Section 122.41(j)(2)].


(b) Records of monitoring information [40 CFR 122.41(j) (3)] shall include:


(1) The date, exact place, and time of sampling or measurements;


(2) The individual(s) who performed the sampling or measurements;


(3) The date(s) analyses were performed;


(4) The individual(s) who performed the analyses;


(5) The analytical techniques or methods used; and


(6) The results of such analyses.


(c) Claims of confidentiality [40 CFR Section 122.7(b)] of the following information will be


denied:


(1) The name and address of any permit applicant or Copermittee; and


(2) Permit applications and attachments, permits and effluent data.


5. STANDARD PROVISIONS – REPORTING


(a) Duty to provide information [40 CFR 122.41(h)]. The Copermittee shall furnish to the


Regional Board, SWRCB, or USEPA within a reasonable time, any information which the


Regional Board, SWRCB, or USPEA may request to determine whether cause exists for


modifying, revoking and reissuing, or terminating this Order or to determine compliance with


this Order. Upon request, the Copermittee shall also furnish to the Regional Board, SWRCB,


or USEPA, copies of records required to be kept by this Order.


��� Signatory and Certification Requirements [40 CFR 122.41(k)]


(1) All applications, reports, or information submitted to the Regional Board, SWRCB, or


USEPA shall be signed and certified in accordance with Standard Provisions – Reporting


5(b)ii), 5(b)iii), 5(b)iv), and 5(b) (see 40 CFR 122.22)


(2) Applications [40 CFR 122.22(a)(3)] All permit applications shall be signed by either a


principal executive officer or ranking elected official.


(3) Reports [40 CFR 122.22(b)]. All reports required by this Order, and other information


requested by the Regional Board, SWRCB, or USEPA shall be signed by a person


described in Standard Provisions – Reporting 5(b)(2) above, or by a duly authorized
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representative of that person. A person is a duly authorized representative only if:


i) The authorization is made in writing by a person described in Standard Provisions-


Reporting 5(b)(2) above;


ii) The authorization specifies either an individual or a position having responsibility for


the overall operation of the regulated facility or activity, such as the position of plant


manager, operator of a well or a well field, superintendent, position of equivalent


responsibility, or an individual or position having overall responsibility for


environmental matters for the company. (A duly authorized representative may thus


be either a named individual or any individual occupying a named position.); and,


iii) The written authorization is submitted to the Regional Water Board and State Water


Board.


(4) Changes to authorization [40 CFR Section 122.22(c)] If an authorization under Standard


Provisions – Reporting 5(b)(3)of this reporting requirement is no longer accurate because


a different individual or position has responsibility for the overall operation of the


facility, a new authorization satisfying the requirements of Standard Provisions –


Reporting 5(b)(3) above must be submitted to the Regional Water Board and State Water


Board prior to or together with any reports, information, or applications to be signed by


an authorized representative.


(5) Certification [40 CFR Section 122.22(d)] Any person signing a document under Standard


Provisions – Reporting 5(b)(2), or 5(b)(3) above shall make the following certification:


”I certify under penalty of law that this document and all attachments were prepared


under my direction or supervision in accordance with a system designed to assure that


qualified personnel properly gather and evaluate the information submitted. Based on my


inquiry of the person or persons who manage the system, or those persons directly


responsible for gathering the information, the information submitted is, to the best of my


knowledge and belief, true, accurate, and complete. I am aware that there are significant


penalties for submitting false information, including the possibility of fine and


imprisonment for knowing violations.”


(c) Monitoring reports. [40 CFR 122.41(l)(4)]


(1) Monitoring results shall be reported at the intervals specified in the Receiving Waters and


Urban Runoff Monitoring and Reporting Program No. R9-2007-0001.


(2) Monitoring results must be reported on a Discharge Monitoring Report (DMR) form or


forms provided or specified by the Regional Board or SWRCB for reporting results of


mentoring of sludge use or disposal practices.


(3) If the Copermittee monitors any pollutant more frequently than required by this Order


using test procedures approved under 40 CFR Part 136 or, in the case of sludge use or


disposal, approved under 40 CFR Part 136 unless otherwise specified in 40 CFR Part


503, or as specified in this Order, the results of this monitoring shall be included in the


calculation and reporting of the data submitted in the DMR or sludge reporting form


specified by the Regional Board.
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(4) Calculations for all limitations, which require averaging of measurements, shall utilize an


arithmetic mean unless otherwise specified in this Order.


(d) Compliance schedules. [40 CFR Section 122.41(l)(5)] Reports of compliance or


noncompliance with, or any progress reports on, interim and final requirements contained in


any compliance schedule of this Order shall be submitted no later than 14 days following


each schedule date.


(e) Twenty-four hour reporting [40 CFR Section 122.41(l)(6)]


(1) The Copermittee shall report any noncompliance that may endanger health or the


environment. Any information shall be provided orally within 24 hours from the time the


Copermittee becomes aware of the circumstances. A written submission shall also be


provided within five (5) days of the time the Copermittee becomes aware of the


circumstances. The written submission shall contain a description of the noncompliance


and its cause; the period of noncompliance, including exact dates and times, and if the


noncompliance has not been corrected, the anticipated time it is expected to continue; and


steps taken or planned to reduce, eliminate, and prevent reoccurrence of the


noncompliance.


(2) The following shall be included as information, which must be reported within 24 hours


under this paragraph:


i) Any unanticipated bypass that exceeds any effluent limitation in the Order (See 40


CFR 122.41(g)).


ii) Any upset which exceeds any effluent limitation in this Order.


(3) The Regional Board may waive the above-required written report under this provision on


a case-by-case basis if the oral report has been received within 24 hours.


(f) Planned changes. [40 CFR Section 122.41(l)(1)] The Copermittee shall give notice to the


Regional Board as soon as possible of any planned physical alterations or additions to the


permitted facility. Notice is required under this provision only when:


(1) The alteration or addition to a permitted facility may meet one of the criteria for


determining whether a facility is a new source in 40 CFR 122.29(b); or


(2) The alteration or addition could significantly change the nature or increase the quantity of


pollutants discharged. This notification applies to pollutants, which are not subject to


effluent limitations in this Order.


(3) The alteration or addition results in a significant change in the Copermittee’s sludge use


or disposal practices, and such alteration, addition, or change may justify the application


of permit conditions that are different from or absent in the existing Order, including


notification of additional use or disposal sites not reported during the permit application


process or not reported pursuant to an approved land application plan.


(g) Anticipated noncompliance. [40 CFR Section 122.41(l)(7)] The Copermittee shall give


advance notice to the Regional Board or SWRCB of any planned changes in the permitted


facility or activity, which may result in noncompliance with Order requirements.
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(h) Other noncompliance [40 CFR Section 122.41(l) 7)] The Copermittee shall report all


instances of noncompliance not reported under Standard Provisions 5(c), 5(d), and 5(e)


above, at the time monitoring reports are submitted. The reports shall contain the information


listed in Standard Provision – Reporting 5(e) above.


(i) Other information [40 CFR Section 122.41(l)(8)] When the Copermittee becomes aware that


it failed to submit any relevant facts in a permit application, or submitted incorrect


information in a permit application or in any report to the Regional Board, SWRCB, or


USEPA, the Copermittee shall promptly submit such facts or information.


6. STANDARD PROVISIONS – ENFORCEMENT


(a) The Regional Board is authorized to enforce the terms of this permit under several provisions


of the CWC, including, but not limited to, Sections 13385, 13386, and 13387.


7. ADDITIONAL STANDARD PROVISIONS


(a) Municipal separate storm sewer systems [40 CFR 122.42(c)]. The operator of a large or


medium municipal separate storm sewer system or a municipal separate storm sewer that has


been designated by the Director under 40 CFR 122.26(a)(1)(v) must submit an annual report


by the anniversary of the date of the issuance of the permit for such system. The report shall


include:


(1) The status of implementing the components of the storm water management program that


are established as permit conditions;


(2) Proposed changes to the storm water management programs that are established as permit


conditions. Such proposed changes shall be consistent with 40 CFR 122.26(d)(2)(iii);


and


(3) Revisions, if necessary, to the assessment of controls and the fiscal analysis reported in


the permit application under 40 CFR 122.26(d)(2)(iv) and 40 CFR 122.26(d)(2)(v);


(4) A summary of data, including monitoring data, that is accumulated throughout the


reporting year;


(5) Annual expenditures and budget for year following each annual report;


(6) A summary describing the number and nature of enforcement actions, inspections, and


public education programs; and


(7) Identification of water quality improvements or degradation.


(b) Storm water discharges [40 CFR 122.42(d)]. The initial permits for discharges composed


entirely of storm water issued pursuant to 40 CFR 122.26(e)(7) shall require compliance with


the conditions of the permit as expeditiously as practicable, but in no event later than three


years after the date of issuance of the permit.


(c) Other Effluent Limitations and Standards [40 CFR 122.44(b)(1)]. If any toxic effluent


standard or prohibition (including any schedule of compliance specified in such effluent


standard or prohibition) is promulgated under Section 307(a) of the CWA for a toxic


pollutant which is present in the discharge and that standard or prohibition is more stringent


than any limitation on the pollutant in this Order, the Regional Board may institute
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proceedings under these regulations to modify or revoke and reissue the Order to conform to


the toxic effluent standard or prohibition.


(d) Discharge is a privilege [CWC section 13263(g)]. No discharge of waste into the waters of


the State, whether or not such discharge is made pursuant to waste discharge requirements,


shall create a vested right to continue such discharge. All discharges of waste into waters of


the State are privileges, not rights.


(e) Review and revision of Order [CWC section 13263(e)]. Upon application by any affected


person, or on its own motion, the Regional Board may review and revise this permit.


(f) Termination or modification of Order [CWC section13381]. This permit may be terminated


or modified for causes, including, but not limited to, all of the following:


(1) Violation of any condition contained in this Order;


(2) Obtaining this Order by misrepresentation, or failure to disclose fully all relevant facts.


(3) A change in any condition that requires either a temporary or permanent reduction or


elimination of the permitted discharge.


(g) Transfers. When this Order is transferred to a new owner or operator, such requirements as


may be necessary under the CWC may be incorporated into this Order.


(h) Conditions not stayed. The filing of a request by the Copermittee for modification,


revocation and reissuance, or termination of this Order, or a notification of planned change in


or anticipated noncompliance with this Order does not stay any condition of this Order.


(i) Availability. A copy of this Order shall be kept at a readily accessible location and shall be


available to on-site personnel at all times.


(j) Duty to minimize or correct adverse impacts. The Copermittees shall take all reasonable


steps to minimize or correct any adverse impact on the environment resulting from


noncompliance with this Order, including such accelerated or additional monitoring as may


be necessary to determine the nature and impact of the noncompliance.


(k) Interim Effluent Limitations. The Copermittee shall comply with any interim effluent


limitations as established by addendum, enforcement action, or revised waste discharge


requirements which have been, or may be, adopted by this Regional Board.


(l) Responsibilities, liabilities, legal action, penalties [CWC sections 13385 and 13387]. The


Porter-Cologne Water Quality Control Act provides for civil and criminal penalties


comparable to, and in some cases greater than, those provided for under the CWA.


Nothing in this Order shall be construed to protect the Copermittee from its liabilities under


federal, state, or local laws.


Except as provided for in 40CFR 122.41(m) and (n), nothing in this Order shall be construed


to relieve the Copermittee from civil or criminal penalties for noncompliance.


Nothing in this Order shall be construed to preclude the institution of any legal action or


relieve the Copermittee from any responsibilities, liabilities, or penalties to which the


Copermittee is or may be subject to under Section 311 of the CWA.
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Nothing in this Order shall be construed to preclude institution of any legal action or relieve


the Copermittee from any responsibilities, liabilities, or penalties established pursuant to any


applicable state law or regulation under authoring preserved by Section 510 of the CWA.


(m) Noncompliance. Any noncompliance with this Order constitutes violation of the CWC and is


grounds for denial of an application for modification of the Order (also see 40 CFR


122.41(a).


(n) Director. For purposes of this Order, the term “Director” used in parts of 40 CFR


incorporated into this Order by reference and/or applicable to this Order shall have the same


meaning as the term “Regional Board” used elsewhere in this Order, except that in 40 CFR


122.41(h) and (I), “Director” shall mean “Regional Board, SWRCB, and USEPA.”


(o) The Regional Board has, in prior years, issued a limited number of individual NPDES


permits for non-storm water discharges to MS4s. The Regional Board or SWRCB may in the


future, upon prior notice to the Copermittee(s), issue an NPDES permit for any non-storm


water discharge (or class of non-storm water discharges) to a MS4. Copermittees may


prohibit any non-storm water discharge (or class of non-storm water discharges) to a MS4


that is authorized under such separate NPDES permits.


(p) Effective date. This Order shall become effective on the date of its adoption provided the


USEPA has no objection. If the USEPA objects to its issuance, this Order shall not become


effective until such objection is withdrawn. This Order supersedes Order No. 2001-01 upon


the effective date of this Order.


(q) Expiration. This Order expires five years after adoption.


(r) Continuation of expired order [23 CCR 2235.4]. After this Order expires, the terms and


conditions of this Order are automatically continued pending issuance of a new permit if all


requirements of the federal NPDES regulations on the continuation of expired permits (40


CFR 122.6) are complied with.


(s) Applications. Any application submitted by a Copermittee for reissuance or modification of


this Order shall satisfy all applicable requirements specified in federal regulations as well as


any additional requirements for submittal of a Report of Waste Discharge specified in the


CWC and the California Code of Regulations.


(t) Confidentiality. Except as provided for in 40 CFR 122.7, no information or documents


submitted in accordance with or in application for this Order will be considered confidential,


and all such information and documents shall be available for review by the public at the


Regional Board office.


(u) Severability. The provisions of this Order are severable, and if any provision of this Order, or


the application of any provisions of this Order to any circumstance, is held invalid, the


application of such provision to other circumstances and the remainder of this Order shall not


be affected thereby.


(v) Report submittal. The Copermittee shall submit reports and provide notifications as required


by this Order to the following:







Order No. R9-2007-0001 January 24, 2007B-10


SOUTHERN WATERSHED PROTECTION UNIT


CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD


SAN DIEGO REGION


9174 SKY PARK COURT, SUITE 100


SAN DIEGO CA 92123-4340


Telephone: (858) 467-2952 Fax: (858) 571-6972


EUGENE BROMLEY


US ENVIRONMENTAL PROTECTION AGENCY


REGION IX


PERMITS ISSUANCE SECTION (W-5-1)


75 HAWTHORNE STREET


SAN FRANCISCO CA 94105


Unless otherwise directed, the Copermittee shall submit one hard copy for the official record and


one electronic copy of each report required under this Order to the Regional Board and one


electronic copy to the EPA.
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ATTACHMENT C


DEFINITIONS


Advanced Treatment- Using mechanical or chemical means to flocculate and remove suspended


sediment from runoff from construction sites prior to discharge.


Anthropogenic Litter – Trash generated from human activities, not including sediment.


Basin Plan – Water Quality Control Plan, San Diego Basin, Region 9, and amendments,


developed by the Regional Board.


Beneficial Uses - The uses of water necessary for the survival or well being of man, plants, and


wildlife. These uses of water serve to promote tangible and intangible economic, social, and


environmental goals. “Beneficial Uses” of the waters of the State that may be protected include,


but are not limited to, domestic, municipal, agricultural and industrial supply; power generation;


recreation; aesthetic enjoyment; navigation; and preservation and enhancement of fish, wildlife,


and other aquatic resources or preserves. Existing beneficial uses are uses that were attained in


the surface or ground water on or after November 28, 1975; and potential beneficial uses are uses


that would probably develop in future years through the implementation of various control


measures. “Beneficial Uses” are equivalent to “Designated Uses” under federal law. [California


Water Code Section 13050(f)].


Best Management Practices (BMPs) - Defined in 40 CFR 122.2 as schedules of activities,


prohibitions of practices, maintenance procedures, and other management practices to prevent or


reduce the pollution of waters of the United States. BMPs also include treatment requirements,


operating procedures and practices to control plant site runoff, spillage or leaks, sludge or waste


disposal, or drainage from raw material storage. In the case of municipal storm water permits,


BMPs are typically used in place of numeric effluent limits.


Bioassessment - The use of biological community information to evaluate the biological integrity


of a water body and its watershed. With respect to aquatic ecosystems, bioassessment is the


collection and analysis of samples of the benthic macroinvertebrate community together with


physical/habitat quality measurements associated with the sampling site and the watershed to


evaluate the biological condition (i.e. biological integrity) of a water body.


Biocriteria - Under the CWA, numerical values or narrative expressions that define a desired


biological condition for a water body that are legally enforceable. The USEPA defines biocriteria


as: “numerical values or narrative expressions that describe the reference biological integrity of


aquatic communities inhabiting waters of a given designated aquatic life use…(that)…describe


the characteristics of water body segments least impaired by human activities.”


Biological Integrity - Defined in Karr J.R. and D.R. Dudley. 1981. Ecological perspective on


water quality goals. Environmental Management 5:55-68 as: “A balanced, integrated, adaptive


community of organisms having a species composition, diversity, and functional organization


comparable to that of natural habitat of the region.” Also referred to as ecosystem health.


Clean Water Act Section 402(p) [33 USC 1342(p)] - The federal statute requiring municipal


and industrial dischargers to obtain NPDES permits for their discharges of storm water.
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Clean Water Act Section 303(d) Water Body - An impaired water body in which water quality


does not meet applicable water quality standards and/or is not expected to meet water quality


standards, even after the application of technology based pollution controls required by the CWA.


The discharge of urban runoff to these water bodies by the Copermittees is significant because


these discharges can cause or contribute to violations of applicable water quality standards.


Construction Site – Any project, including projects requiring coverage under the General


Construction Permit, that involves soil disturbing activities including, but not limited to, clearing,


grading, disturbances to ground such as stockpiling, and excavation.


Contamination - As defined in the Porter-Cologne Water Quality Control Act, contamination is


“an impairment of the quality of waters of the State by waste to a degree which creates a hazard


to the public health through poisoning or through the spread of disease. ‘Contamination’ includes


any equivalent effect resulting from the disposal of waste whether or not waters of the State are


affected.”


Critical Channel Flow (Qc) – The channel flow that produces the critical shear stress that


initiates bed movement or that erodes the toe of channel banks. When measuring Qc, it should be


based on the weakest boundary material – either bed or bank.


CWA – Federal Clean Water Act


CWC – California Water Code


Development Projects - New development or redevelopment with land disturbing activities;


structural development, including construction or installation of a building or structure, the


creation of impervious surfaces, public agency projects, and land subdivision.


Dry Season – May 1 through September 30 of each year.


Effectiveness Assessment Outcome Level 1 - Compliance with Activity-based Permit


Requirements – Level 1 outcomes are those directly related to the implementation of specific


activities prescribed by this Order or established pursuant to it.


Effectiveness Assessment Outcome Level 2 - Changes in Attitudes, Knowledge, and Awareness


– Level 2 outcomes are measured as increases in knowledge and awareness among target


audiences such as residents, businesses, and municipal employees.


Effectiveness Assessment Outcome Level 3 - Behavioral Change and BMP Implementation –


Level 3 outcomes measure the effectiveness of activities in affecting behavioral change and BMP


implementation.


Effectiveness Assessment Outcome Level 4 - Load Reductions – Level 4 outcomes measure


load reductions which quantify changes in the amounts of pollutants associated with specific


sources before and after a BMP or other control measure is employed.


Effectiveness Assessment Outcome Level 5 - Changes in Urban Runoff and Discharge Quality


– Level 5 outcomes are measured as changes in one or more specific constituents or stressors in


discharges into or from MS4s.
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Effectiveness Assessment Outcome Level 6 - Changes in Receiving Water Quality – Level 6


outcomes measure changes to receiving water quality resulting from discharges into and from


MS4s, and may be expressed through a variety of means such as compliance with water quality


objectives or other regulatory benchmarks, protection of biological integrity, or beneficial use


attainment.


Effluent Limitations – Any restriction imposed on quantities, discharge rates, and concentrations


of pollutants, which are discharged from point sources into waters of the State. The limitations


are designed to ensure that the discharge does not cause water quality objectives to be exceeded


in the receiving water and does not adversely affect beneficial uses. Effluent limits are typically


numeric (e.g., 10 mg/l), but can also be narrative (e.g., no toxics in toxic amounts).


Erosion – When land is diminished or worn away due to wind, water, or glacial ice. Often the


eroded debris (silt or sediment) becomes a pollutant via storm water runoff. Erosion occurs


naturally but can be intensified by land clearing activities such as farming, development, road


building, and timber harvesting.


Environmentally Sensitive Areas (ESAs) - Areas that include but are not limited to all Clean


Water Act Section 303(d) impaired water bodies; areas designated as Areas of Special Biological


Significance by the State Water Resources Control Board (Water Quality Control Plan for the San


Diego Basin (1994) and amendments); water bodies designated with the RARE beneficial use by


the State Water Resources Control Board (Water Quality Control Plan for the San Diego Basin


(1994) and amendments); areas designated as preserves or their equivalent under the Multi


Species Conservation Program within the Cities and County of San Diego; and any other


equivalent environmentally sensitive areas which have been identified by the Copermittees.


Feasibility Analysis – Detailed description of the selection process for the treatment control


BMPs for a Priority Development Project, including justification of why one BMP is selected


over another. For a Priority Development Project where a treatment control BMP with a low


removal efficiency ranking (as identified by the Model SUSMP) is proposed, the analysis shall


include a detailed and adequate justification exhibiting the reasons implementation of a treatment


control BMP with a higher removal efficiency is infeasible for the Priority Development Project


or portion of the Priority Development Project.


Flow Duration – The long-term period of time that flows occur above a threshold that causes


significant sediment transport and may cause excessive erosion damage to creeks and streams


(not a single storm event duration). The simplest way to visualize this is to consider a histogram


of pre- and post-project flows using long-term records of hourly data. To maintain pre-project


flow duration means that the total number of hours (counts) within each range of flows in a flow-


duration histogram cannot increase between the pre- and post-project condition. Flow duration


within the range of geomorphologically significant flows is important for managing erosion.


GIS – Geographic Information System


Grading - The cutting and/or filling of the land surface to a desired slope or elevation.


Hazardous Material – Any substance that poses a threat to human health or the environment due


to its toxicity, corrosiveness, ignitability, explosive nature or chemical reactivity. These also


include materials named by the USEPA in 40 CFR 116 to be reported if a designated quantity of


the material is spilled into the waters of the U.S. or emitted into the environment.
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Hazardous Waste - Hazardous waste is defined as “any waste which, under Section 600 of Title


22 of this code, is required to be managed according to Chapter 30 of Division 4.5 of Title 22 of


this code” [CCR Title 22, Division 4.5, Chapter 11, Article 1].


Household Hazardous Waste – Paints, cleaning products, and other wastes generated during


home improvement or maintenance activities.


Hydromodification – The change in the natural watershed hydrologic processes and runoff


characteristics (i.e., interception, infiltration, overland flow, interflow and groundwater flow)


caused by urbanization or other land use changes that result in increased stream flows and


sediment transport. In addition, alteration of stream and river channels, installation of dams and


water impoundments, and excessive streambank and shoreline erosion are also considered


hydromodification, due to their disruption of natural watershed hydrologic processes.


Illicit Connection – Any connection to the MS4 that conveys an illicit discharge.


Illicit Discharge - Any discharge to the MS4 that is not composed entirely of storm water except


discharges pursuant to a NPDES permit and discharges resulting from fire fighting activities [40


CFR 122.26(b)(2)].


Implementation Assessment – Assessment conducted to determine the effectiveness of


Copermittee programs and activities in achieving measurable targeted outcomes, and in


determining whether priority sources of water quality problems are being effectively addressed.


Inactive Slopes – Slopes on which no grading or other soil disturbing activities are conducted for


10 or more days.


Integrated Assessment – Assessment to be conducted to evaluate whether program


implementation is properly targeted to and resulting in the protection and improvement of water


quality.


Jurisdictional Urban Runoff Management Plan (JURMP) – A written description of the specific


jurisdictional urban runoff management measures and programs that each Copermittee will


implement to comply with this Order and ensure that pollutant discharges in urban runoff are


reduced to the MEP and do not cause or contribute to a violation of water quality standards.


Low Impact Development (LID) – A storm water management and land development strategy


that emphasizes conservation and the use of on-site natural features integrated with engineered,


small-scale hydrologic controls to more closely reflect pre-development hydrologic functions.


Maximum Extent Practicable (MEP) – The technology-based standard established by Congress


in CWA section 402(p)(3)(B)(iii) that operators of MS4s must meet. Technology-based


standards establish the level of pollutant reductions that dischargers must achieve, typically by


treatment or by a combination of source control and treatment control BMPs. MEP generally


emphasizes pollution prevention and source control BMPs primarily (as the first line of defense)


in combination with treatment methods serving as a backup (additional line of defense). MEP


considers economics and is generally, but not necessarily, less stringent than BAT. A definition


for MEP is not provided either in the statute or in the regulations. Instead the definition of MEP


is dynamic and will be defined by the following process over time: municipalities propose their


definition of MEP by way of their urban runoff management programs. Their total collective and


individual activities conducted pursuant to the urban runoff management programs becomes their
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proposal for MEP as it applies both to their overall effort, as well as to specific activities (e.g.,


MEP for street sweeping, or MEP for MS4 maintenance). In the absence of a proposal


acceptable to the Regional Board, the Regional Board defines MEP.


In a memo dated February 11, 1993, entitled "Definition of Maximum Extent Practicable,"


Elizabeth Jennings, Senior Staff Counsel, SWRCB addressed the achievement of the MEP


standard as follows:


“To achieve the MEP standard, municipalities must employ whatever Best Management


Practices (BMPs) are technically feasible (i.e., are likely to be effective) and are not cost


prohibitive. The major emphasis is on technical feasibility. Reducing pollutants to the


MEP means choosing effective BMPs, and rejecting applicable BMPs only where other


effective BMPs will serve the same purpose, or the BMPs would not be technically


feasible, or the cost would be prohibitive. In selecting BMPs to achieve the MEP


standard, the following factors may be useful to consider:


a. Effectiveness: Will the BMPs address a pollutant (or pollutant source) of


concern?


b. Regulatory Compliance: Is the BMP in compliance with storm water regulations


as well as other environmental regulations?


c. Public Acceptance: Does the BMP have public support?


d. Cost: Will the cost of implementing the BMP have a reasonable relationship to


the pollution control benefits to be achieved?


e. Technical Feasibility: Is the BMP technically feasible considering soils,


geography, water resources, etc?


The final determination regarding whether a municipality has reduced pollutants to the


maximum extent practicable can only be made by the Regional or State Water Boards,


and not by the municipal discharger. If a municipality reviews a lengthy menu of BMPs


and chooses to select only a few of the least expensive, it is likely that MEP has not been


met. On the other hand, if a municipal discharger employs all applicable BMPs except


those where it can show that they are not technically feasible in the locality, or whose


cost would exceed any benefit derived, it would have met the standard. Where a choice


may be made between two BMPs that should provide generally comparable effectiveness,


the discharger may choose the least expensive alternative and exclude the more


expensive BMP. However, it would not be acceptable either to reject all BMPs that


would address a pollutant source, or to pick a BMP base solely on cost, which would be


clearly less effective. In selecting BMPs the municipality must make a serious attempt to


comply and practical solutions may not be lightly rejected. In any case, the burden


would be on the municipal discharger to show compliance with its permit. After selecting


a menu of BMPs, it is the responsibility of the discharger to ensure that all BMPs are


implemented.”


Municipal Separate Storm Sewer System (MS4) – A conveyance or system of conveyances


(including roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches,


man-made channels, or storm drains): (i) Owned or operated by a State, city town, borough,


county, parish, district, association, or other public body (created by or pursuant to State law)


having jurisdiction over disposal of sewage, industrial wastes, storm water, or other wastes,


including special districts under State law such as a sewer district, flood control district or


drainage district, or similar entity, or an Indian tribe or an authorized Indian tribal organization, or


designated and approved management agency under section 208 of the CWA that discharges to
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waters of the United States; (ii) Designated or used for collecting or conveying storm water; (iii)


Which is not a combined sewer; (iv) Which is not part of the Publicly Owned Treatment Works


(POTW) as defined at 40 CFR 122.26.


National Pollutant Discharge Elimination System (NPDES) - The national program for


issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and


imposing and enforcing pretreatment requirements, under Sections 307, 318, 402, and 405 of the


CWA.


NOI – Notice of Intent


Non-Storm Water - All discharges to and from a MS4 that do not originate from precipitation


events (i.e., all discharges from a MS4 other than storm water). Non-storm water includes illicit


discharges, non-prohibited discharges, and NPDES permitted discharges.


Nuisance - As defined in the Porter-Cologne Water Quality Control Act a nuisance is “anything


which meets all of the following requirements: 1) Is injurious to health, or is indecent, or


offensive to the senses, or an obstruction to the free use of property, so as to interfere with the


comfortable enjoyment of life or property. 2) Affects at the same time an entire community or


neighborhood, or any considerable number of persons, although the extent of the annoyance or


damage inflicted upon individuals may be unequal. 3) Occurs during, or as a result of, the


treatment or disposal of wastes.”


Order – Order No. R9-2007-0001 (NPDES No. CAS0108758)


Person - A person is defined as an individual, association, partnership, corporation, municipality,


State or Federal agency, or an agent or employee thereof [40 CFR 122.2].


Point Source - Any discernible, confined, and discrete conveyance, including, but not limited to,


any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,


concentrated animal feeding operations, landfill leachate collection systems, vessel, or other


floating craft from which pollutants are or may be discharged. This term does not include return


flows from irrigated agriculture or agricultural storm water runoff.


Pollutant - Any agent that may cause or contribute to the degradation of water quality such that a


condition of pollution or contamination is created or aggravated.


Pollution - As defined in the Porter-Cologne Water Quality Control Act: “the alteration of the


quality of the waters of the State by waste, to a degree that unreasonably affects the either of the


following: 1) The waters for beneficial uses; or 2) Facilities that serve these beneficial uses.”


Pollution may include contamination.


Pollutants of Concern – Pollutants for which water bodies are listed as impaired under CWA


section 303(d), pollutants associated with the land use type of a development, and/or pollutants


commonly associated with urban runoff. Pollutants commonly associated with urban runoff


include total suspended solids; sediment; pathogens (e.g., bacteria, viruses, protozoa); heavy


metals (e.g., copper, lead, zinc, and cadmium); petroleum products and polynuclear aromatic


hydrocarbons; synthetic organics (e.g., pesticides, herbicides, and PCBs); nutrients (e.g., nitrogen


and phosphorus fertilizers); oxygen-demanding substances (decaying vegetation, animal waste,


and anthropogenic litter).
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Pollution Prevention - Pollution prevention is defined as practices and processes that reduce or


eliminate the generation of pollutants, in contrast to source control BMPs, treatment control


BMPs, or disposal.


Post-Construction BMPs - A subset of BMPs including structural and non-structural controls


which detain, retain, filter, or educate to prevent the release of pollutants to surface waters during


the final functional life of developments.


Pre-Project or Pre-Development Runoff Conditions (Discharge Rates, Durations, Etc.) –


Runoff conditions that exist onsite immediately before the planned development activities occur.


This definition is not intended to be interpreted as that period before any human-induces land


activities occurred. This definition pertains to redevelopment as well as initial development.


Principal Permittee – County of San Diego


Priority Development Projects - New development and redevelopment project categories listed


in Section D.1.d(2) of Order No. R9-2007-0001.


Receiving Waters – Waters of the U.S.


Receiving Water Limitations (RWLs) - Waste discharge requirements issued by the Regional


Board typically include both: (1) “Effluent Limitations” (or “Discharge Limitations”) that specify


the technology-based or water-quality-based effluent limitations; and (2) “Receiving Water


Limitations” that specify the water quality objectives in the Basin Plan as well as any other


limitations necessary to attain those objectives. In summary, the “Receiving Water Limitations”


provision is the provision used to implement the requirement of CWA section 301(b)(1)(C) that


NPDES permits must include any more stringent limitations necessary to meet water quality


standards.


Redevelopment - The creation, addition, and or replacement of impervious surface on an already


developed site. Examples include the expansion of a building footprint, road widening, the


addition to or replacement of a structure, and creation or addition of impervious surfaces.


Replacement of impervious surfaces includes any activity that is not part of a routine maintenance


activity where impervious material(s) are removed, exposing underlying soil during construction.


Redevelopment does not include trenching and resurfacing associated with utility work;


resurfacing and reconfiguring surface parking lots and existing roadways; new sidewalk


construction, pedestrian ramps, or bikelane on existing roads; and routine replacement of


damaged pavement, such as pothole repair.


Regional Urban Runoff Management Plan (RURMP) – A written description of the specific


regional urban runoff management measures and programs that the Copermittees will collectively


implement to comply with this Order and ensure that pollutant discharges in urban runoff are


reduced to the MEP and do not cause or contribute to a violation of water quality standards.


Sediment - Soil, sand, and minerals washed from land into water. Sediment resulting from


anthropogenic sources (i.e. human induced land disturbance activities) is considered a pollutant.


This Order regulates only the discharges of sediment from anthropogenic sources and does not


regulate naturally occurring sources of sediment. Sediment can destroy fish-nesting areas, clog


animal habitats, and cloud waters so that sunlight does not reach aquatic plants.
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Shared Treatment Control BMP - BMPs used by multiple developments to infiltrate, filter, or


treat the required volume or flow prior to discharge to a receiving water. This could include, for


example, a treatment BMP at the end of an enclosed storm drain that collects runoff from several


commercial developments.


Source Control BMP – Land use or site planning practices, or structural or nonstructural


measures that aim to prevent urban runoff pollution by reducing the potential for contamination at


the source of pollution. Source control BMPs minimize the contact between pollutants and urban


runoff.


Storm Water – Per 40 CFR 122.26(b)(13), means storm water runoff, snowmelt runoff and


surface runoff and drainage.


Standard Urban Storm Water Mitigation Plan (SUSMP) – A plan developed to mitigate the


impacts of urban runoff from Priority Development Projects.


Third Party Inspectors - Industrial and commercial facility inspectors who are not contracted or


employed by a regulatory agency or group of regulatory agencies, such as the Regional Board or


Copermittees. The third party inspector is not a regular facility employee self-inspecting their own


facility. The third party inspector could be a contractor or consultant employed by a facility or


group of businesses to conduct inspections.


Total Maximum Daily Load (TMDL) - The maximum amount of a pollutant that can be


discharged into a water body from all sources (point and non-point) and still maintain water


quality standards. Under CWA section 303(d), TMDLs must be developed for all water bodies


that do not meet water quality standards after application of technology-based controls.


Toxicity - Adverse responses of organisms to chemicals or physical agents ranging from


mortality to physiological responses such as impaired reproduction or growth anomalies). The


water quality objectives for toxicity provided in the Water Quality Control Plan, San Diego


Basin, Region 9, (Basin Plan), state in part…“All waters shall be free of toxic substances in


concentrations that are toxic to, or that produce detrimental physiological responses in human,


plant, animal, or aquatic life….The survival of aquatic life in surface waters subjected to a waste


discharge or other controllable water quality factors, shall not be less than that for the same water


body in areas unaffected by the waste discharge”.


Treatment Control BMP – Any engineered system designed to remove pollutants by simple


gravity settling of particulate pollutants, filtration, biological uptake, media absorption or any


other physical, biological, or chemical process.


Urban Runoff - All flows in a storm water conveyance system and consists of the following


components: (1) storm water (wet weather flows) and (2) non-storm water illicit discharges (dry


weather flows).


Waste - As defined in CWC Section 13050(d), “waste includes sewage and any and all other


waste substances, liquid, solid, gaseous, or radioactive, associated with human habitation, or of


human or animal origin, or from any producing, manufacturing, or processing operation,


including waste placed within containers of whatever nature prior to, and for purposes of,


disposal.”
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Article 2 of CCR Title 23, Chapter 15 (Chapter 15) contains a waste classification system that


applies to solid and semi-solid waste, which cannot be discharged directly or indirectly to water


of the state and which therefore must be discharged to land for treatment, storage, or disposal in


accordance with Chapter 15. There are four classifications of waste (listed in order of highest to


lowest threat to water quality): hazardous waste, designated waste, non-hazardous solid waste,


and inert waste.


Water Quality Assessment – Assessment conducted to evaluate the condition of non-storm


water and storm water discharges, and the water bodies which receive these discharges.


Water Quality Objective - Numerical or narrative limits on constituents or characteristics of


water designated to protect designated beneficial uses of the water. [California Water Code


Section 13050 (h)]. California’s water quality objectives are established by the State and Regional


Water Boards in the Water Quality Control Plans.


Numeric or narrative limits for pollutants or characteristics of water designed to protect the


beneficial uses of the water. In other words, a water quality objective is the maximum


concentration of a pollutant that can exist in a receiving water and still generally ensure that the


beneficial uses of the receiving water remain protected (i.e., not impaired). Since water quality


objectives are designed specifically to protect the beneficial uses, when the objectives are violated


the beneficial uses are, by definition, no longer protected and become impaired. This is a


fundamental concept under the Porter Cologne Act. Equally fundamental is Porter Cologne’s


definition of pollution. A condition of pollution exists when the water quality needed to support


designated beneficial uses has become unreasonably affected or impaired; in other words, when


the water quality objectives have been violated. These underlying definitions (regarding


beneficial use protection) are the reason why all waste discharge requirements implementing the


federal NPDES regulations require compliance with water quality objectives. (Water quality


objectives are also called water quality criteria in the CWA.)


Water Quality Standards - The beneficial uses (e.g., swimming, fishing, municipal drinking


water supply, etc.,) of water and the water quality objectives necessary to protect those uses.


Waters of the State - Any water, surface or underground, including saline waters within the


boundaries of the State [CWC section 13050 (e)]. The definition of the Waters of the State is


broader than that for the Waters of the United States in that all water in the State is considered to


be a Waters of the State regardless of circumstances or condition. Under this definition, a MS4 is


always considered to be a Waters of the State.


Waters of the United States - As defined in the 40 CFR 122.2, the Waters of the U.S. are


defined as: “(a) All waters, which are currently used, were used in the past, or may be susceptible


to use in interstate or foreign commerce, including all waters which are subject to the ebb and


flow of the tide; (b) All interstate waters, including interstate “wetlands;” (c) All other waters


such as intrastate lakes, rivers, streams (including intermittent streams), mudflats, sandflats,


“wetlands,” sloughs, prairie potholes, wet meadows, playa lakes, or natural ponds the use,


degradation or destruction of which would affect or could affect interstate or foreign commerce


including any such waters: (1) Which are or could be used by interstate or foreign travelers for


recreational or other purposes; (2) From which fish or shellfish are or could be taken and sold in


interstate or foreign commerce; or (3) Which are used or could be used for industrial purposes by


industries in interstate commerce; (d) All impoundments of waters otherwise defined as waters of


the United States under this definition: (e) Tributaries of waters identified in paragraphs (a)


through (d) of this definition; (f) The territorial seas; and (g) “Wetlands” adjacent to waters (other
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than waters that are themselves wetlands) identified in paragraphs (a) through (f) of this


definition. Waters of the United States do not include prior converted cropland. Notwithstanding


the determination of an area’s status as prior converted cropland by any other federal agency, for


the purposes of the Clean Water Act, the final authority regarding Clean Water Act jurisdiction


remains with the EPA.”


Watershed - That geographical area which drains to a specified point on a water course, usually


a confluence of streams or rivers (also known as drainage area, catchment, or river basin).


Watershed Urban Runoff Management Plan (WURMP) – A written description of the specific


watershed urban runoff management measures and programs that each watershed group of


Copermittees will implement to comply with this Order and ensure that pollutant discharges in


urban runoff are reduced to the MEP and do not cause or contribute to a violation of water quality


standards.


WDRs – Waste Discharge Requirements


Wet Season – October 1 through April 30 of each year.







Order No. R9-2007-0001 January 24, 2007D-1


ATTACHMENT D


SCHEDULED SUBMITTALS SUMMARY


Submittal Permit Section Completion Date Frequency


Submit identification of discharges not to be prohibited and


BMPs required for treatment of discharges not prohibited


B.2 365 days after adoption of


the Order


One Time


Submit Certified Statement of Adequate Legal Authority C.2 365 days after adoption of


the Order


One Time


Long-Term Effectiveness Assessment I.5 and J.2.b 210 days prior to Order


expiration


One Time


Submit to Principal Permittee(s) individual JURMPs J.1.a.(1) Prior to 365 days after


adoption of the Order


(Principal Permittee specifies


date of submittal)


One Time


Principal Permittee submits JURMPs to Regional Board J.1.a.(2) 365 days after adoption of


the Order


One Time


Lead Watershed Permittees submit WURMPs to Principal


Permittee


J..1.b.(2) Prior to 365 days after


adoption of the Order


(Principal Permittee specifies


date of submittal)


One Time


Principal Permittee submits WURMPs to Regional Board J.1.b.(3) 365 days after adoption of


the Order


One Time


Principal Permittee submits RURMP to Regional Board J.1.c.(2) 365 days after adoption of


the Order


One Time


Principal Permittee submits Hydromodification Management


Plan workplan


J.2.a.(2)(a) 180 days after adoption of


the Order


One Time


Principal Permittee submits Hydromodification Management


Plan progress report


J.2.a.(2)(b) 18 months after adoption of


the Order


One Time


Principal Permittee submits draft Hydromodification


Management Plan


J.2.a.(2)(c) 2 years after adoption of the


Order


One Time


Principal Permittee submits final Hydromodification


Management Plan


J.2.a.(2)(d) 180 days after receiving


comments from Regional


Board


One Time


Principal Permittee submits Model SUSMP update J.2.b 18 months after adoption of


the Order


One Time


Copermittees submit local SUSMP updates J.2.b 365 days after acceptance of


updated Model SUSMP


One Time


Principal Permittee submits Report of Waste Discharge and


Long-Term Effectiveness Assessment


J.2.c-d 210 days prior to Order


expiration


One Time


Principal Permittee submits Notification of Principal


Permittee


M 180 days after adoption of


the Order


One Time


Principal Permittee submits formal agreement between


Copermittees which provides management structure for


meeting Order requirements


M.5 180 days after adoption of


Order


One Time


Submit to Principal Permittee individual Jurisdictional Urban


Runoff Management Program Annual Reports


J.3.a.(1) Prior to September 30, 2008,


and annually thereafter


(Principal Permittee specifies


date of submittal)


Annually


Principal Permittee submits unified Jurisdictional Urban


Runoff Management Program Annual Report to Regional


Board


J.3.a.(2) September 30, 2008, and


annually thereafter


Annually


Lead Watershed Permittees submit to Principal Permittee


Watershed Urban Runoff Management Program Annual


Reports


J.3.b.(3) Prior to January 31, 2009


and annually thereafter


(Principal Permittee specifies


date of submittal)


Annually


Principal Permittee submits unified Watershed Urban Runoff


Management Program Annual Report to Regional Board


J.3.b.(3) January 31, 2009 and


annually thereafter


Annually


Principal Permittee submits Regional Urban Runoff J.3.c January 31, 2009 and Annually
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Submittal Permit Section Completion Date Frequency


Management Program Annual Report to Regional Board annually thereafter


Principal Permittee submits description of Receiving Waters


Monitoring Program


Monitoring and


Reporting


Program, III.A.1


September 1, 2007 and


annually thereafter


Annually


Principal Permittee submits description of various monitoring


program components


Monitoring and


Reporting


Program, III.A.3


July 1, 2007 and July 1, 2008 Twice


Principal Permittee submits Receiving Waters Monitoring


Program Annual Report


Monitoring and


Reporting


Program, III.A.2


January 31, 2009 and


annually thereafter


Annually


Principal Permittee submits interim Receiving Waters


Monitoring Program Annual Report


Monitoring and


Reporting


Program, III.B


January 31, 2007 and


January 31, 2008


Twice


Principal Permittee submits unified interim Jurisdictional


URMP and Watershed URMP Annual Reports


J.4 January 31, 2007 and


January 31, 2008


Twice


Principal Permittee(s) shall submit standardized formats for


all reports required under this Order


M.6 180 days after adoption of


Order


One Time







RECEIVING WATERS AND URBAN RUNOFF MONITORING AND REPORTING


PROGRAM NO. R9-2007-0001


I. PURPOSE


A. This Receiving Waters and Urban Runoff Monitoring and Reporting Program is intended


to meet the following goals:


1. Assess compliance with Order No. R9-2007-0001;


2. Measure and improve the effectiveness of the Copermittees’ urban runoff


management programs;


3. Assess the chemical, physical, and biological impacts to receiving waters resulting


from urban runoff discharges;


4. Characterize urban runoff discharges;


5. Identify sources of specific pollutants;


6. Prioritize drainage and sub-drainage areas that need management actions;


7. Detect and eliminate illicit discharges and illicit connections to the MS4; and


8. Assess the overall health of receiving waters.


B. In addition, this Receiving Waters and Urban Runoff Monitoring and Reporting Program


is designed to answer the following core management questions:


1. Are conditions in receiving waters protective, or likely to be protective, of beneficial


uses?


2. What is the extent and magnitude of the current or potential receiving water


problems?


3. What is the relative urban runoff contribution to the receiving water problem(s)?


4. What are the sources of urban runoff that contribute to receiving water problem(s)?


5. Are conditions in receiving waters getting better or worse?


II. MONITORING PROGRAM


A. Receiving Waters Monitoring Program


Each Copermittee shall collaborate with the other Copermittees to develop, conduct, and


report on a year round watershed based Receiving Waters Monitoring Program. The


monitoring program design, implementation, analysis, assessment, and reporting shall be


conducted on a watershed basis for each of the hydrologic units. The monitoring


program shall be designed to meet the goals and answer the questions listed in section I


above. The monitoring program shall include the following components:


1. MASS LOADING STATION (MLS) MONITORING


a. The following existing mass loading stations shall continue to be monitored:


Santa Margarita River,
1


San Luis Rey River, Agua Hedionda Creek, Escondido


Creek, San Dieguito River, Penasquitos, Tecolote Creek, San Diego River,


1 For the Santa Margarita River mass loading station, if Camp Pendleton will not conduct the required monitoring or


prevents access for the Copermittees to conduct the required monitoring, the mass loading station location shall be


moved to where the County of San Diego has land-use jurisdiction.
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c. Each mass loading station shall be monitored for the first wet weather event of


the season which meets the USEPA’s criteria as described in 40 CFR


122.21(g)(7). Monitoring of the second wet weather event shall be conducted


after February 1. Dry weather mass loading monitoring events shall be sampled


in September or October prior to the start of the wet weather season and in May


or June after the end of the wet weather season. If flows are not evident in


September or October, then sampling shall be conducted during non-rain events


in the wet weather season.


d. Mass loading sampling and analysis protocols shall be consistent with 40 CFR


122.21(g)(7)(ii) and with the USEPA Storm Water Sampling Guidance


Document (EPA 833-B-92-001). If practicable, the protocols for mass loading


sampling and analysis should be SWAMP comparable. If the mass loading


sampling and analysis are determined to be impracticable with the SWAMP


standards, the Copermittees should provide explanation and discussion to this


effect in the Receiving Waters and Urban Runoff Monitoring Annual Report.


Wet weather samples shall be flow-weighted composites, collected for the


duration of the entire runoff event, where practical. Where such monitoring is


not practical, such as for large watersheds with significant groundwater recharge


flows, composites shall be collected at a minimum during the first 3 hours of


flow. Dry weather event samples shall be flow-weighted composites, collected


for a time duration adequate to be representative of changes in pollutant


concentrations and runoff flows which may occur over a typical 24 hour period.


A minimum of 3 sample aliquots, separated by a minimum of 15 minutes, shall


be taken for each hour of monitoring, unless the Regional Board Executive


Officer approves an alternate protocol. Automatic samplers shall be used to


collect samples from mass loading stations. Grab samples shall be taken for


temperature, pH, specific conductance, biochemical oxygen demand, oil and


grease, total coliform, fecal coliform, and enterococcus.


e. Copermittees shall measure or estimate flow rates and volumes for each mass


loading station sampling event in order to determine mass loadings of pollutants.


Data from nearby USGS gauging stations may be utilized, or flow rates may be


estimated in accordance with the USEPA Storm Water Sampling Guidance


Document (EPA-833-B-92-001), Section 3.2.1.


f. In the event that the required number of events are not sampled during one


monitoring year at any given station, the Copermittees shall submit, with the


subsequent Receiving Waters Monitoring Annual Report, a written explanation


for a lack of sampling data, including streamflow data from the nearest USGS


gauging station.


g. The following constituents shall be analyzed for each monitoring event at each


station:
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Table 2. Analytical Testing for Mass Loading and Temporary Watershed Assessment Stations
Conventionals, Nutrients,


Hydrocarbons


Pesticides Metals (Total and


Dissolved)


Bacteriological


Total Dissolved Solids


Total Suspended Solids


Turbidity


Total Hardness


pH


Specific Conductance


Temperature


Dissolved Phosphorus


Nitrite


Nitrate


Total Kjeldahl Nitrogen


Ammonia


Biological Oxygen Demand, 5-day


Chemical Oxygen Demand


Total Organic Carbon


Dissolved Organic Carbon


Methylene Blue Active Substances


Oil and Grease


Diazinon


Chlorpyrifos


Malathion


Antimony


Arsenic


Cadmium


Chromium


Copper


Lead


Nickel


Selenium


Zinc


Total Coliform


Fecal Coliform


Enterococcus


h. In addition to the constituents listed in Table 2 above, monitoring stations in the


Chollas Creek watershed shall also analyze samples for polychlorinated


biphenyls (PCBs), Chlordane, and polycyclic aromatic hydrocarbons (PAHs) for


each monitoring event.


i. The following toxicity testing shall be conducted for each monitoring event at


each station as follows:


(1) 7-day chronic test with the cladoceran Ceriodaphnia dubia (USEPA protocol


EPA-821-R-02-013).


(2) Chronic test with the freshwater algae Selenastrum capricornutum (USEPA


protocol EPA-821-R-02-013).


(3) Acute survival test with amphipod Hyalella azteca (USEPA protocol EPA-


821-R-02-012).


j. The presence of acute toxicity shall be determined in accordance with USEPA


protocol (EPA-821-R-02-012). The presence of chronic toxicity shall be


determined in accordance with USEPA protocol (EPA-821-R-02-013).


k. The Copermittees shall collaborate to develop and implement a program to assess


the presence of trash (anthropogenic litter) in receiving waters. The program


shall collect and evaluate trash data in conjunction with collection and evaluation


of analytical data. This monitoring program shall be implemented within each


watershed and shall begin no later than the 2007-2008 monitoring year.


2. TEMPORARY WATERSHED ASSESSMENT STATION (TWAS) MONITORING


a. The minimum number of temporary watershed assessment stations to be


monitored in a given monitoring year is identified in Table 1. The number of


stations located within each watershed may change from the number identified in


Table 1, provided the total number of stations monitored in a given year is not


reduced below the minimum number of stations identified in Table 1. The
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temporary watershed assessment stations shall be monitored and located


according to a systematic plan which:


(1) Ensures that the Copermittees’ Receiving Waters Monitoring Program most


effectively answers questions 1-5 of section I.B above.


(2) Provides statistically useful information.


(3) Identifies the extent and magnitude of receiving water problems within each


watershed.


(4) Provides spatial coverage of each watershed.


(5) Monitors previously un-assessed sub-watershed areas.


(6) Focuses on specific areas of concern and high priority areas.


(7) Provides adequate information to assess the effectiveness of implemented


programs and control measures in reducing discharged pollutant loads and


improving urban runoff and receiving water quality.


b. For each temporary watershed assessment station identified to be monitored in a


given year, the station shall be monitored twice during wet weather events and


twice during dry weather flow events.


c. Temporary watershed assessment stations shall be monitored in the same manner


as the mass loading stations in accordance with the monitoring protocols and


requirements outlined in sections II.A.1.c-k above.


3. BIOASSESSMENT (BA) MONITORING


a. The minimum number of bioassessment stations to be monitored in each


watershed in a given monitoring year is identified in Table 1. Bioassessment


stations shall include an adequate number of reference stations, with locations of


reference stations identified according to protocols outlined in “A Quantitative


Tool for Assessing the Integrity of Southern Coastal California Streams,” by


Ode, et al. 2005.
2


b. Bioassessment stations shall be collocated with both mass loading stations and


temporary watershed assessment stations where feasible.


c. Bioassessment stations to be monitored in a given monitoring year shall be


monitored in May or June (to represent the influence of wet weather on the


communities) and September or October (to represent the influence of dry


weather flows on the communities). The timing of monitoring of bioassessment


stations shall coincide with dry weather monitoring of mass loading and


temporary watershed assessment stations.


d. Monitoring of bioassessment stations shall utilize the targeted riffle composite


approach, as specified in the Surface Water Ambient Monitoring Program


(SWAMP) Quality Assurance Management Plan (QAMP), as amended.


2 Ode, et al. 2005. “A Quantitative Tool for Assessing the Integrity of Southern Coastal California Streams.”


Environmental Management. Vol. 35, No. 1, pp. 1-13.
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e. Monitoring of bioassessment stations shall incorporate assessment of periphyton


in addition to macroinvertebrates, using the USEPA’s 1999 Rapid Bioassessment


Protocols for Use in Wadeable Streams and Rivers.
3


f. Bioassessment analysis procedures shall include calculation of the Index of


Biotic Integrity (IBI) for benthic macroinvertebrates for all bioassessment


stations, as outlined in “A Quantitative Tool for Assessing the Integrity of


Southern Coastal California Streams,” by Ode, et al. 2005.


g. A professional environmental laboratory shall perform all sampling, laboratory,


quality assurance, and analytical procedures.


4. FOLLOW-UP ANALYSIS AND ACTIONS


When results from the chemistry, toxicity, and bioassessment monitoring described


above indicate urban runoff-induced degradation at a mass loading or temporary


watershed assessment station, Copermittees within the watershed shall evaluate the


extent and causes of urban runoff pollution in receiving waters and prioritize and


implement management actions to eliminate or reduce sources. Toxicity


Identification Evaluations (TIEs) shall be conducted to determine the cause of


toxicity as outlined in Table 3 below. Other follow-up activities which shall be


conducted by the Copermittees are also identified in Table 3. Once the cause of


toxicity has been identified by a TIE, the Copermittees shall perform source


identification projects as needed and implement the measures necessary to reduce the


pollutant discharges and abate the sources causing the toxicity.


Table 3. Triad Approach to Determining Follow-Up Actions


Chemistry4 Toxicity5 Bioassessment6 Action


1. Persistent exceedance of


water quality objectives


(high frequency constituent


of concern identified)


Evidence of persistent


toxicity


Indications of alteration Conduct TIE to identify


contaminants of concern, based


on TIE metric.


Address upstream sources as a


high priority.


2. No persistent exceedances


of water quality objectives


No evidence of persistent


toxicity


No indications of alteration No action necessary.


3 USEPA, 1999. Rapid Bioassessment Protocols for Use in Wadeable Streams and Rivers. EPA-841-B-99-002.
4


Persistent exceedance shall mean exceedances of established water quality objectives, benchmarks, or action levels by


a pollutant known to cause toxicity for two wet weather and/or two dry weather samples in a given year.
5


Toxicity shall mean when the Lowest Observed Effect Concentration (LOEC) (for chronic toxicity tests) or median


lethal concentration (LC50) (for acute toxicity tests) for any given species is less than or equal to 100% of the test


sample and observed effects are significantly different from the control. Evidence of persistent toxicity shall mean


toxicity to a specific test organism in more than 50% of the samples taken for a given location during a given


monitoring year. When a monitoring event has the potential to indicate evidence of persistent toxicity (e.g. the third


event of four monitoring events), sufficient samples shall be collected in order to conduct any TIEs that may be


required. When a sample collected in order to conduct a TIE does not result in mortality or exhibit a toxic effect in at


least 50% of the applicable test organisms in the 100% storm water sample, the TIE may be conducted with a sample


collected during the next monitoring event.
6


Indications of alteration shall mean an IBI score of Poor or Very Poor.
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Chemistry4 Toxicity5 Bioassessment6 Action


3. Persistent exceedance of


water quality objectives


(high frequency constituent


of concern identified)


No evidence of persistent


toxicity


No indications of alteration Address upstream sources as a


low priority.


4. No persistent exceedances


of water quality objectives


Evidence of persistent


toxicity


No indications of alteration Conduct TIE to identify


contaminants of concern, based


on TIE metric.


Address upstream sources as


medium priority.


5. No persistent exceedances


of water quality objectives


No evidence of persistent


toxicity


Indications of alteration No action necessary to address


toxic chemicals.


Address potential role of urban


runoff in causing physical


habitat disturbance.


6. Persistent exceedance of water


quality objective (high


frequency constituent of


concern identified)


Evidence of persistent toxicity No indications of alteration If chemical and toxicity tests


indicate persistent degradation,


conduct TIE to identify


contaminants of concern, based on


TIE metric and address upstream


source as a medium priority.


7. No persistent exceedances of


water quality objectives


Evidence of persistent toxicity Indications of alteration Conduct TIE to identify


contaminants of concern, based on


TIE metric.


Address upstream sources as a high


priority.


Address potential role of urban


runoff causing physical habitat


disturbance.


8. Persistent exceedance of water


quality objectives objective


(high frequency constituent of


concern identified)


No evidence of persistent


toxicity


Indications of alteration Address upstream source as a high


priority.


5. AMBIENT BAY AND LAGOON MONITORING (ABLM)


a. Ambient Bay and Lagoon Monitoring shall be conducted according to the


schedule identified in Table 1.


b. If results of the Ambient Bay and Lagoon Monitoring assessment indicate a


general relationship and/or linkage between conditions in bays/lagoons/estuaries


with conditions at mass loading stations, then monitoring shall be conducted at


the following locations: Santa Margarita River Estuary, Oceanside Harbor, San


Luis Rey Estuary, Buena Vista Lagoon, Agua Hedionda Lagoon, Batiquitos


Lagoon, San Elijo Lagoon, San Dieguito Lagoon, Los Penasquitos Lagoon,


Mission Bay, Sweetwater River Estuary, and Tijuana River Estuary. This


monitoring shall be designed to most effectively answer each of questions 1-5 of


section I.B above as they pertain to bays/lagoons/estuaries.
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c. If results of the Ambient Bay and Lagoon Monitoring assessment do not indicate


a relationship and/or linkage between conditions in bays/lagoons/estuaries with


conditions at mass loading stations, then monitoring shall be conducted for


special investigations of the bays/lagoons/estuaries. These special investigations


shall be designed to most effectively answer each of questions 1-5 of section I.B


above as they pertain to bays/lagoons/estuaries, with an emphasis on answering


question 4.


d. Ambient Bay and Lagoon Monitoring shall utilize the triad approach, analyzing


chemistry, toxicity, and benthic infauna data.


e. Ambient Bay and Lagoon Monitoring shall include a water column monitoring


component as necessary to supply information needed for the development,


implementation, and assessment of Total Maximum Daily Loads (TMDLs).


6. COASTAL STORM DRAIN MONITORING


The Copermittees shall collaborate to develop and implement a coastal storm drain


monitoring program. The monitoring program shall include:


a. Identification of coastal storm drains which discharge to coastal waters.


b. Monthly sampling of all flowing coastal storm drains identified in section


II.A.6.a for total coliform, fecal coliform, and enterococcus.
7


Where flowing


coastal storm drains are discharging to coastal waters, paired samples from the


storm drain discharge and coastal water (25 yards down current of the discharge)


shall be collected. If flowing coastal storm drains are not discharging to coastal


waters, only the storm drain discharge needs to be sampled.


(1) Frequency of sampling of coastal storm drains may be reduced to every other


month if the paired coastal storm drain data:


(a) Exhibits three consecutive storm drain samples with all bacterial


indicators below the Copermittees’ sampling frequency reduction


criteria, as the sampling frequency reduction criteria was developed


under Order No. 2001-01.


(b) Exhibits that the three consecutive samples discussed in (a) above are


paired with receiving water samples that do not exceed Assembly Bill


(AB) 411 or Basin Plan standards.


(c) Exhibits that less than 20% of the storm drain samples were above any of


the sampling frequency reduction criteria during the previous year.


(2) The Copermittees shall notify the Regional Board of any coastal storm drains


eligible for sampling frequency reduction prior to October 1 of each year.


Sampling frequency reduction shall not occur prior to Regional Board


7 Coastal storm drains where sampler safety, habitat impacts from sampling, or inaccessibility are issues need not be


sampled. Such coastal storm drains shall be added to the Copermittee’s dry weather field screening and analytical


monitoring program where feasible.
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notification.


(3) Re-sampling shall be implemented within one business day of receipt of


analytical results for coastal storm drains where:


(a) Both storm drain and receiving water samples exceed AB 411 or Basin


Plan standards for any bacterial indicator.


(b) The storm drain sample exceeds 95
th


percentile observations of the


previous year’s data for any bacterial indicator.


(4) If re-sampling conducted under section (3) above exhibits continued


exceedances of a AB 411 or Basin Plan standards in either the storm drain or


receiving water, investigations of sources of bacterial contamination shall


commence within one business day of receipt of analytical results.


(5) Investigations of sources of bacterial contamination shall occur immediately


if evidence of abnormally high flows, sewage releases, restaurant discharges,


and/or similar evidence is observed during sampling.


(6) Exceedances of public health standards for bacterial indicators shall be


reported to the County Department of Environmental Health as soon as


possible.


7. PYRETHROIDS MONITORING


The Copermittees shall collaborate to develop and implement a monitoring program


to measure and assess the presence of pyrethroids in receiving waters. This


monitoring program shall be implemented within each watershed and shall begin no


later than the 2007-2008 monitoring year.


B. Urban Runoff Monitoring


Each Copermittee shall collaborate with the other Copermittees to develop, conduct, and


report on a year round watershed based Urban Runoff Monitoring Program. The


monitoring program design, implementation, analysis, assessment, and reporting shall be


conducted on a watershed basis for each of the hydrologic units. The monitoring


program shall be designed to meet the goals and answer the questions listed in section I


above. The monitoring program shall include the following components


1. MS4 OUTFALL MONITORING


The Copermittees shall collaborate to develop and implement a monitoring program


to characterize pollutant discharges from MS4 outfalls in each watershed during wet


and dry weather. The program shall include rationale and criteria for selection of


outfalls to be monitored. The program shall at a minimum include collection of


samples for those pollutants causing or contributing to violations of water quality


standards within the watershed. This monitoring program shall be implemented


within each watershed and shall begin within the 2007-2008 monitoring year.
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2. SOURCE IDENTIFICATION MONITORING


The Copermittees shall collaborate to develop and implement a monitoring program


to identify sources of discharges of pollutants causing the priority water quality


problems within each watershed. The monitoring program shall include focused


monitoring which moves upstream into each watershed as necessary to identify


sources. The monitoring program shall use source inventories and “Threat to Water


Quality” analysis to guide monitoring efforts. This monitoring program shall be


implemented within each watershed and shall begin no later than the 2008-2009


monitoring year.


3. DRY WEATHER FIELD SCREENING AND ANALYTICAL MONITORING


As part of its Jurisdictional Urban Runoff Management Program, each Copermittee


shall update as necessary its dry weather field screening and analytical monitoring


program to meet or exceed the requirements of this section. Dry weather analytical


and field screening monitoring consists of (1) field observations; (2) field screening


monitoring; and (3) analytical monitoring at selected stations. The Dry Weather


Field Screening and Analytical Monitoring program is not required to be SWAMP


comparable. Each Copermittee’s program shall be designed to detect and eliminate


illicit connections and illegal discharges to the MS4 using frequent, geographically


widespread dry weather discharge monitoring and follow-up investigations. Each


Copermittee shall conduct the following dry weather field screening and analytical


monitoring tasks:


a. Select Dry Weather Field Screening and Analytical Monitoring Stations


Based upon a review of its past Dry Weather Monitoring Program, each


Copermittee shall select dry weather field screening and analytical monitoring


stations within its jurisdiction. No more than 500 dry weather field screening and


analytical monitoring stations (excluding alternate stations) need to be selected


by any individual Copermittee for any given year. Stations shall be selected


according to one of the following methods:


(1) Stations shall be either major outfalls or other outfall points (or any other


point of access such as manholes) randomly located throughout the MS4 by


placing a grid over a drainage system map and identifying those cells of the


grid which contain a segment of the MS4 or major outfall. This random


selection has to use the following guidelines and criteria:


(a) A grid system consisting of perpendicular north-south and east-west lines


spaced ¼ mile apart shall be overlayed on a map of the MS4, creating a


series of cells;


(b) All cells that contain a segment of the MS4 shall be identified and one


dry weather analytical monitoring station shall be selected in each cell.


(c) Each Copermittee shall determine alternate stations to be sampled in


place of selected stations that do not have flow.


(2) Stations may be selected non-randomly provided adequate coverage of the


entire MS4 system is ensured and that the selection of stations meets,
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exceeds, or provides equivalent coverage to the requirements given above.


The dry weather analytical and field screening monitoring stations shall be


established using the following guidelines and criteria:


(a) Stations should be located downstream of any sources of suspected


illegal or illicit activity;


(b) Stations shall be located to the degree practicable at the farthest manhole


or other accessible location downstream in the system within each cell;


(c) Hydrological conditions, total drainage area of the site, traffic density,


age of the structures or buildings in the area, history of the area, and land


use types shall be considered in locating stations;


(d) Each Copermittee shall determine alternate stations to be sampled in


place of selected stations that do not have flow.


b. Complete MS4 Map


Each Copermittee shall clearly identify each dry weather field screening and


analytical monitoring station on its MS4 Map as either a separate GIS layer or a


map overlay hereafter referred to as a Dry Weather Field Screening and


Analytical Stations Map. Each Copermittee shall confirm that each drainage area


within its jurisdiction contains at least one station.


c. Develop Dry Weather Field Screening and Analytical Monitoring Procedures


Each Copermittee shall develop and/or update written procedures for dry weather


field screening and analytical monitoring (for analytical monitoring only, these


procedures must be consistent with 40 CFR part 136), including field


observations, monitoring, and analyses to be conducted. At a minimum, the


procedures must meet the following guidelines and criteria:


(1) Determining Sampling Frequency: Dry weather field screening and


analytical monitoring shall be conducted at each identified station at least


once between May 1st and September 30th of each year or as often as the


Copermittee determines is necessary to comply with the requirements of


section D.4 of Order No. R9-2007-0001.


(2) If flow or ponded runoff is observed at a dry weather field screening or


analytical monitoring station and there has been at least seventy-two (72)


hours of dry weather, make observations and collect at least one (1) grab


sample. Record general information such as time since last rain, quantity of


last rain, site descriptions (i.e., conveyance type, dominant watershed land


uses), flow estimation (i.e., width of water surface, approximate depth of


water, approximate flow velocity, flow rate), and visual observations (i.e.,


odor, color, clarity, floatables, deposits/stains, vegetation condition,


structural condition, and biology).


(3) At a minimum, collect samples for analytical laboratory analysis of the


following constituents for at least twenty five percent (25%) of the dry


weather monitoring stations where water is present:
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(a) Total Hardness


(b) Oil and Grease


(c) Diazinon and Chlorpyrifos


(d) Cadmium ( Dissolved)


(e) Lead (Dissolved)


(f) Zinc (Dissolved)


(g) Copper (Dissolved)


(h) Enterococcus bacteria
8


(i) Total Coliform bacteria
8


(j) Fecal Coliform bacteria
8


(4) At a minimum, conduct field screening analysis of the following constituents


at all dry weather monitoring stations where water is present:


(a) Specific conductance (calculate estimated Total Dissolved Solids).


(b) Turbidity


(c) pH


(d) Reactive Phosphorous


(e) Nitrate Nitrogen


(f) Ammonia Nitrogen


(g) Surfactants (MBAS)


(5) If the station is dry (no flowing or ponded runoff), make and record all


applicable observations and select another station from the list of alternate


stations for monitoring.


(6) Develop and/or update criteria for dry weather field screening and analytical


monitoring results whereby exceedance of the criteria will require follow-up


investigations to be conducted to identify and eliminate the source causing


the exceedance of the criteria.


(7) Assess the presence of trash in receiving waters and urban runoff at each dry


weather field screening or analytical monitoring station. Assessments of


trash shall provide information on the spatial extent and amount of trash


present, as well as the nature of the types of trash present.


(8) Dry weather field screening and analytical monitoring stations identified to


exceed dry weather monitoring criteria for any constituents shall continue to


be screened in subsequent years.


(9) Develop and/or update procedures for source identification follow up


investigations in the event of exceedance of dry weather field screening and


analytical monitoring result criteria. These procedures shall be consistent


with procedures required in section D.4.d of Order No. R9-2007-0001.


(10) Develop and/or update procedures to eliminate detected illicit discharges and


connections. These procedures shall be consistent with each Copermittees


8
Colilert and Enterolert may be used as alternative methods with Fecal Coliform determined by


calculations.
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Illicit Discharge and Elimination component of its Jurisdictional Urban


Runoff Management Plan as discussed in section D.4 of Order No. R9-2007-


0001.


d. Conduct Dry Weather Field Screening and Analytical Monitoring


The Copermittees shall commence implementation of dry weather field screening


and analytical monitoring under the requirements of this Order by May 1, 2008.


Each Copermittee shall conduct dry weather analytical and field screening


monitoring in accordance with its storm water conveyance system map and dry


weather analytical and field screening monitoring procedures as described in


section II.B.3 above. If monitoring indicates an illicit connection or illegal


discharge, conduct the follow-up investigation and elimination activities as


described in submitted dry weather field screening and analytical monitoring


procedures and sections D.4.d and D.4.e of Order No. R9-2007-0001. Until the


dry weather field screening and analytical monitoring program is implemented


under the requirements of this Order, each Copermittee shall continue to


implement dry weather field screening and analytical monitoring as it was most


recently implemented pursuant to Order No. 2001-01.


C. Regional Monitoring Program


1. The Copermittees shall participate and coordinate with federal, state, and local


agencies and other dischargers in development and implementation of a regional


watershed monitoring program as directed by the Executive Officer.


2. Bight ’08


a. During the 2008-2009 monitoring year (Permit Year 2), the Copermittees may


participate in the Bight ’08 study. The Copermittees shall ensure that such


participation results in collection and analysis of data useful in addressing the


goals and management questions of the Receiving Waters Monitoring Program.


Any participation shall include the contribution of all funds not otherwise spent


on full implementation of mass loading station, temporary watershed assessment


station, ambient bay and lagoon, and bioassessment monitoring. All other


monitoring shall continue during the 2008-2009 monitoring year (Permit Year 2)


as required.


b. If the Copermittees do not participate in Bight ’08, mass loading station,


temporary watershed assessment station, ambient bay an lagoon, and


bioassessment monitoring shall be conducted as follows:


(1) Permit Year 3 (2009-2010) monitoring shall be conducted in Permit Year 2


(2008-2009) (see Table 1).


(2) Permit Year 4 (2010-2011) monitoring shall be conducted in Permit Year 3


(2009-2010) (see Table 1).


(3) Permit Year 5 (2011-2012) monitoring shall be conducted in Permit Year 4


(2010-2011).
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(4) Permit Year 1 (2007-2008) monitoring shall be conducted in Permit Year 5


(2011-2012).


c. If the Copermittees partially participate in Bight ’08, monitoring shall be


conducted as described in section II.C.2.b above, with the exception of any


monitoring offset by the contribution of funds to Bight ’08.


D. Special Studies


1. TMDL MONITORING


a. All monitoring shall be conducted as required in Investigation Order No. R9-


2004-0277 for Chollas Creek.


2. REGIONAL HARBOR MONITORING


a. The Copermittees which discharge to harbors shall participate in the development


and implementation of the Regional Harbor Monitoring Program.


3. The Copermittees shall conduct special studies, including any monitoring required


for TMDL development and implementation, as directed by the Executive Officer.


E. Monitoring Provisions


All monitoring activities shall meet the following requirements:


1. Where procedures are not otherwise specified in this Receiving Waters Monitoring


and Reporting Program (e.g., Dry Weather Field Screening and Analytical


Monitoring), sampling, analysis and quality assurance/quality control must be


conducted in accordance with the Quality Assurance Management Plan (QAMP) for


the State of California’s Surface Water Ambient Monitoring Program (SWAMP),


adopted by the State Water Resources Control Board (SWRCB).


2. Samples and measurements taken for the purpose of monitoring shall be


representative of the monitored activity [40 CFR 122.41(j)(1)].


3. The Copermittees shall retain records of all monitoring information, including all


calibration and maintenance of monitoring instrumentation, copies of all reports


required by this Order, and records of all data used to complete the Report of Waste


Discharge and application for this Order, for a period of at least five (5) years from


the date of the sample, measurement, report, or application. This period may be


extended by request of the Regional Board or USEPA at any time and shall be


extended during the course of any unresolved litigation regarding this discharge. [40


CFR 122.41(j)(2), CWC section 13383(a)]


4. Records of monitoring information shall include [40 CFR 122.41(j)(3)]:


a. The date, exact place, and time of sampling or measurements;


b. The individual(s) who performed the sampling or measurements;


c. The date(s) analyses were performed;
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d. The individual(s) who performed the analyses;
e. The analytical techniques or methods used; and
f. The results of such analyses.


5. All sampling, sample preservation, and analyses must be conducted according to test
procedures approved under 40 CFR part 136, unless other test procedures have been
specified in this Receiving Waters Monitoring and Reporting Program or approved
by the Executive Officer [40 CFR 122.41(j)(4)].


6. The CWA provides that any person who falsifies, tampers with, or knowingly renders
inaccurate any monitoring device or method required to be maintained under this
Order shall, upon conviction, be punished by a fine of not more than $10,000, or by
imprisonment for not more than two years, or both. If a conviction of a person is for
a violation committed after a first conviction of such person under this paragraph,
punishment is a fine of not more than $20,000 per day of violation, or by
imprisonment of not more than four years, or both. [40 CFR 122.41(j)(5)]


7. Calculations for all limitations which require averaging of measurements shall utilize
an arithmetic mean unless otherwise specified in this Receiving Waters Monitoring
and Reporting Program. [40 CFR 122.41(l)(4)(iii)]


8. All chemical, bacteriological, and toxicity analyses shall be conducted at a laboratory
certified for such analyses by the California Department of Health Services or a
laboratory approved by the Executive Officer.


9. For priority toxic pollutants that are identified in the California Toxics Rule (CTR)
(65 Fed. Reg. 31682), the Copermittees shall instruct its laboratories to establish
calibration standards that are equivalent to or lower than the Minimum Levels (MLs)
published in Appendix 4 of the Policy for Implementation of Toxics Standards for
Inland Surface Waters, Enclosed Bays, and Estuaries of California (SIP). If a
Copermittee can demonstrate that a particular ML is not attainable, in accordance
with procedures set forth in 40 CFR 136, the lowest quantifiable concentration of the
lowest calibration standard analyzed by a specific analytical procedure (assuming
that all the method specified sample weights, volumes, and processing steps have
been followed) may be used instead of the ML listed in Appendix 4 of the SIP. The
Copermittee must submit documentation from the laboratory to the Regional Board
for approval prior to raising the ML for any priority toxic pollutant.


10. The Regional Board Executive Officer or the Regional Board may make revisions to
this Receiving Waters and Urban Runoff Monitoring and Reporting Program at any
time during the term of Order No. R9-2007-0001, and may include a reduction or
increase in the number of parameters to be monitored, locations monitored, the
frequency of monitoring, or the number and size of samples collected.


11. The Clean Water Act provides that any person who knowingly makes any false
statement, representation, or certification in any record or other document submitted
or required to be maintained under this permit, including monitoring reports or
reports of compliance or non-compliance shall, upon conviction, be punished by a
fine of not more than $10,000 per violation, or by imprisonment for not more than six
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months per violation, or by both. [40 CFR 122.41(k)(2)]


12. Monitoring shall be conducted according the USEPA test procedures approved under
40 CFR 136, “Guidelines Establishing Test Procedures for Analysis of Pollutants
under the Clean Water Act” as amended, unless other test procedures have been
specified in this Receiving Waters and Urban Runoff Monitoring and Reporting
Program, in Order No. R9-2007-0001, or by the Executive Officer.


13. If the discharger monitors any pollutant more frequently than required by the permit
using test procedures approved under 40 CFR part 136, unless otherwise specified in
the Order, the results of this monitoring shall be included in the calculation and
reporting of the data submitted in the reports requested by the Regional Board. [40
CFR 122.41(l)(4)(ii)]


III. REPORTING PROGRAM


A. Monitoring Reporting


1. The Principal Permittee shall submit a description of the Receiving Waters and
Urban Runoff Monitoring Program to be implemented for every monitoring year.
The submittals shall begin on September 1, 2007, and continue every year thereafter.
The submittals shall describe all monitoring to be conducted during the upcoming
monitoring year. For example, the September 1, 2007 submittal shall describe the
monitoring to be conducted from October 1, 2007 through September 30, 2008.


If the Copermittees participate in Bight ’08, their submittal for the 2008-2009
monitoring year shall describe the monitoring to be conducted for Bight ’08 and
exhibit how the monitoring will result in collection and analysis of data useful in
addressing the goals and management questions of the Receiving Waters and Urban
Runoff Monitoring Program.


2. The Principal Permittee shall submit the Receiving Waters and Urban Runoff
Monitoring Annual Report to the Regional Board on January 31 of each year,
beginning on January 31, 2009. Receiving Waters and Urban Runoff Monitoring
Annual Reports shall meet the following requirements:


a. Annual monitoring reports shall include the data/results, methods of evaluating
the data, graphical summaries of the data, and an explanation/discussion of the
data for each monitoring program component.


b. Annual monitoring reports shall include a watershed-based analysis of the
findings of each monitoring program component. Each watershed-based analysis
shall include:


(1) Identification and prioritization of water quality problems within each
watershed.


(2) Identification and description of the nature and magnitude of potential
sources of the water quality problems within each watershed.


(3) Exhibition of pollutant load and concentration increases or decreases at each
mass loading and temporary watershed assessment station.
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(4) Evaluation of pollutant loads and concentrations at mass loading and
temporary watershed assessment stations with respect to land use,
population, sources, and other characteristics of watersheds using tools such
as multiple linear regression, factor analysis, and cluster analysis.


(5) Identification of links between source activities/conditions and observed
receiving water impacts.


(6) Identification of recommended future monitoring to identify and address
sources of water quality problems.


(7) Results and discussion of any TIE conducted, together with actions that will
be implemented to reduce the discharge of pollutants and abate the sources
causing the toxicity.


c. Annual monitoring reports shall include a detailed description of all monitoring
conducted under Investigation Order No. R9-2004-0277 for Chollas Creek.
Annual monitoring reports shall also include all information required by
Investigation Order No. R9-2004-0277.


d. Annual monitoring reports shall include discussions for each watershed which
answer each of the management questions listed in section I.B of this Receiving
Waters Monitoring and Reporting Program.


e. Annual monitoring reports shall identify how each of the goals listed in section
I.A of this Receiving Waters Monitoring and Reporting Program has been
addressed by the Copermittees’ monitoring.


f. Annual monitoring reports shall include identification and analysis of any long-
term trends in storm water or receiving water quality. Trend analysis shall use
nonparametric approaches, such as the Mann-Kendall test, including exogenous
variables in a multiple regression model, and/or using a seasonal nonparametric
trend model, where applicable.


g. Annual monitoring reports shall provide an estimation of total pollutant loads
(wet weather loads plus dry weather loads) due to urban runoff for each of the
watersheds specified in Table 4 of Order No. R9-2007-0001.


h. Annual monitoring reports shall for each monitoring program component listed
above, include an assessment of compliance with applicable water quality
standards.


i. Annual monitoring reports shall describe monitoring station locations by latitude
and longitude coordinates, frequency of sampling, quality assurance/quality
control procedures, and sampling and analysis protocols.


j. Annual monitoring reports shall use a standard report format and shall include
the following:


(1) A stand alone comprehensive executive summary addressing all sections of
the monitoring report;


(2) Comprehensive interpretations and conclusions; and
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(3) Recommendations for future actions.


k. All monitoring reports submitted to the Principal Permittee or the Regional
Board shall contain the certified perjury statement described in Attachment B of
Order No. R9-2007-0001.


l. Annual monitoring reports shall be reviewed prior to submittal to the Regional
Board by a committee (consisting of no less than three members). All review
comments shall also be submitted to the Regional Board.


m. Annual monitoring reports shall be submitted in both electronic and paper
formats.


3. The Principal Permittee shall submit by July 1, 2007 a detailed description of the
monitoring programs to be implemented under requirements II.A.1.k, II.A.7, and
II.B.3.c.(7) of Receiving Waters and Urban Runoff Monitoring and Reporting
Program No. R9-2007-0001. The Principal Permittee shall submit by July 1, 2008, a
detailed description of the monitoring programs to be implemented under
requirement II.B.1 and II.B.2 of Receiving Waters and Urban Runoff Monitoring and
Reporting Program No. R9-2007-0001. The description shall identify and provide
the rationale for the constituents monitored, locations of monitoring, frequency of
monitoring, and analyses to be conducted with the data generated.


4. By January 31, 2010, the City of San Diego shall submit a report which evaluates the
data and assumptions used to estimate the WLA to Shelter Island Yacht Basin of 30
kg Cu/year. The report shall evaluate if any changes have occurred in the watershed
which could cause or contribute to a higher copper urban runoff discharge and any
actions necessary to address these changes. The report shall be an attachment to the
Watershed Urban Runoff Management Program Annual Report for the San Diego
Bay watershed.


5. Monitoring programs and reports shall comply with section II.E of Receiving Waters
and Urban Runoff Monitoring and Reporting Program No. R9-2007-0001 and
Attachment B of Order No. R9-2007-0001.


6. Following completion of an annual cycle of monitoring in October, the Copermittees
shall make the monitoring data and results available to the Regional Board at the
Regional Board’s request.


B. Interim Reporting Requirements


For the October 2005-October 2006 and October 2006-October 2007 monitoring periods,
the Principal Permittee shall submit the Receiving Waters Monitoring Annual Reports on
January 31, 2007 and January 31, 2008, respectively. The Receiving Waters Monitoring
Annual Report shall address the monitoring conducted to comply with the requirements
of Order No. 2001-01.











 







 







1


Technical Memorandum


Cajon Air Center Hydromodification Requirements


Subject: Hydromodification Management Approach


To:  Sara Agahi, County of San Diego
       Michael Khoury, County of San Diego


From:  Sam McWhorter, P.E. Kimley-Horn and Associates
           Mike Ross, P.E. Kimley-Horn and Associates


Date:   March 2, 2009


A Hydromodification Management Plan shall be prepared and implemented during
the project site design process.  The document will follow the criteria outlined in the
Brown and Caldwell memo “Minimum Criteria for Evaluation of Storm Water
Controls to Meet Interim Hydromodification Criteria” dated October 10, 2008,
attached hereto.


The following steps will be taken during the preparation of the plan to make sure
that any site development meets the required hydromodification criteria.


1. A site visit will be performed to determine the existing drainage conditions
including locating points of discharge from the site, noting vegetal cover and
verifying downstream channel and storm drain system conditions.


2. An existing conditions continuous simulation hydrologic model will be
prepared. Precipitation rates, intensities, runoff coefficients and soil
characteristics will be determined. Percolation testing will be performed by a
geotechnical engineer and the resultant percolation rates used in the
preparation of the hydromodification model.  The existing flow conditions will
be used as the basis of comparison to the proposed project development
conditions.


3. Continuous Simulation Model


a. An appropriate continuous simulation hydrologic model will be prepared
using nearby rain gage data. The appropriate continuous simulation model
will  be  selected  in  accordance  with  WPO  (Section  67.812(b)).   The  rain
gage data will be selected from the data posted on the Project Clean
Water website in consultation with County staff.


b. The model input will consist of the proposed alternative developed
condition runoff coefficients, slopes, and drainage patterns.
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c. Runoff control features such as retention/detention basins and LID
features will be added to the model until the proposed development
condition model results (flow rates, duration and volume) mimic the
existing conditions in accordance with the requirements of the County of
San Diego Watershed Protection Ordinance (Section 67.812(b)).


d. The following thresholds and measures will be applied and are based on
the interim hydromodification requirements.


i. For flow rates between 20 percent of the pre-project 5-year design
flow and the pre-project 10-year design flow, the post-project
discharge rates and durations may not deviate above the pre-project
discharge rates and durations by more than 10 percent over or more
than 10 percent of the length of the flow duration curve.


ii. For flow rates between 20 percent of the pre-project 5-year design
flow and the 5-year design flow, the post-project flows shall not
exceed the pre-project peak flows.  For flow rates between the 5-year
and the 10-year design flows, post-project flows may excced pre-
project flows by up to 10 percent for a 1-year frequency interval.


e. LID measures that will be evaluated for effectiveness and possible
implementation will be based on the following:


The County’s Low Impact Development Handbook, dated December 31,
2007, and the County’s Local SUSMP (most current version) will be used
as guidelines for identifying LID BMPs or site design approaches that may
be appropriate for implementing on the site.  LID and hydromodification
controls will be sized using the continuous simulation hydrologic computer
model per the Brown and Caldwell Memo, “Using Continuous Simulation
to Size Storm Water Control Facilities” dated May 9, 2008, attached
hereto.  LID  measures  will  be  located  and  sized  to  control  velocity,
residence time to filter pollutants, and reduce discharge.


4. Hydromodification Plan Results


Storm water facilities including retention basins and LID measures will be
identified by each leasehold developer for each leasehold development parcel
and by the County for the infrastructure work to be completed by the
County.  As each leasehold parcel is developed, it will be required to
implement the measures identified in the hydromodification plan. The LID
measures may include grass swales, pervious concrete for parking, and
necessary flow-control facilities.  The proposed facilities will be constructed
and regularly inspected and maintained by each leasehold developer.


K:\SND_AVIATION\095432101 - Gillespie Field\Admin\Hydromod Writeup\hydromod final\Gillespie Field hydromod
writeup appendix FINAL.doc
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Limitations: 
This document was prepared solely for the County of San Diego in accordance with professional standards at the time the services were performed and in 
accordance with the contract between the County of San Diego and Brown and Caldwell. This document is governed by the specific scope of work authorized by 
County of San Diego; it is not intended to be relied upon by any other party except for regulatory authorities contemplated by the scope of work.  


 Technical Memorandum  
9665 Chesapeake Drive, Suite 201  
San Diego, CA. 92123 
Tel: 858-514-8822 
Fax: 858-514-8833  


 


Project No:   133904 
 
San Diego County Hydromodification Management Plan (HMP) 


 


Subject:  Minimum Criteria for Evaluation of Storm Water Controls to Meet Interim 
Hydromodification Criteria (IHC) 


Date:   October 10, 2008 


To:   Sara Agahi – County of San Diego 


  San Diego NPDES Co-Permittees 


  Hydromodification Technical Advisory Committee (TAC) 


From:   Eric Mosolgo – Brown and Caldwell 


Copy to:  Nancy Gardiner – Brown and Caldwell 


This Draft Technical Memorandum details minimum criteria for the evaluation of storm water controls to 
mitigate the effects of hydromodification and meet Interim Hydromodification Criteria (IHC) set forth by the 
County of San Diego and its NPDES Co-Permittees. The IHC was prepared as mandated by Regional 
Water Quality Control Board Order R9-2007-0001 Provision D.1.g, which requires that IHC apply until the 
final Hydrograph Modification Management Plan (HMP) is implemented. The purpose of the IHC is to 
prevent development-related changes in storm water runoff from causing, or further accelerating, stream 
channel erosion or other adverse impacts to beneficial stream uses.  


As part of the HMP development, the Co-Permittees and Brown and Caldwell are preparing sizing tools to 
assess the effectiveness of hydromodification controls. Since those sizing tools are not yet available, 
Brown and Caldwell has prepared this memo to identify specific evaluation criteria for the design and 
analysis of interim condition hydromodification controls using continuous simulation hydrologic modeling. 
Evaluation criteria discussed herein focuses on the following items: 


 Continuous Simulation Hydrologic Modeling 


 Continuous Simulation Modeling Software 


 Long-Term Hourly Precipitation Gauge Data 


 Parameter Validation for Rainfall Losses 


 Hydromodification Control Processes 


 Peak Flow and Flow Duration Statistics 
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Continuous Simulation Hydrologic Modeling 


Pursuant to criteria set forth by the San Diego Regional Water Quality Control Board and by the San 
Diego County Co-Permittees in the Interim Hydromodification Criteria, the use of continuous simulation 
hydrologic modeling is required to size storm water facilities to mitigate hydromodification effects. 
Continuous simulation modeling uses an extended time series of recorded precipitation data as input and 
generates hydrologic output, such as surface runoff, groundwater recharge, and evapotranspiration, for 
each model time step. 


Continuous hydrologic models are typically run using either 1-hour or 15-minute time steps. Based on a 
review of available rainfall records in San Diego County, we are recommending the use of a 1-hour time 
step (15-minute time series rainfall data is very limited). Continuous models generate model output for 
each time step – in this case, hydrologic output would be generated for each hour of the continuous 
model. A continuous simulation model with 35 years of hourly precipitation data will generate 35 years of 
hourly runoff estimates, which corresponds to runoff estimates for 306,600 time steps for the 35-year 
simulation period.  


Use of the continuous modeling approach allows for the estimation of the frequency and duration by 
which flows will exceed a particular threshold. The limitations to increases of the frequency and duration 
of flows within that geomorphically significant flow range is the key component to San Diego County’s 
approach to hydromodification management. 


For a more detailed review of continuous simulation modeling, refer to a memo prepared by Brown and 
Caldwell titled “Using Continuous Simulation to Size Storm Water Control Facilities” (May 2008). The 
memo can be accessed via the following link to the Project Clean Water web site. 


http://www.projectcleanwater.org/pdf/susmp/hydromod_continuous_modeling_may_08.pdf 


  


Continuous Simulation Modeling Software 


The following public domain software models may be used to assess hydromodification controls for storm 
water facilities to meet Interim Hydromodification Criteria: 


 HSPF - Hydrologic Simulation Program-FORTRAN, distributed by USEPA 


 HEC-HMS – Hydrologic Modeling System; distributed by the US Army Corps of Engineers 
Hydrologic Engineering Center 


Third-party and proprietary software, such as the San Diego Hydrology Model (SDHM), can be used to 
meet Interim Hydromodification Criteria provided that the software incorporates minimum design 
parameters outlined in this memo and summarized below: 


 Input and output data from the software can interface with public domain software such as HSPF 
or HEC-HMS. In other words, input files from the third-party software should have sufficient 
functionality to allow export to public domain software for independent validation.  


 Rainfall data is selected according to an existing rainfall gauge location that is geographically 
and meteorologically similar to the project site location. 


 Validation of rainfall loss parameters is substantiated 


 The software’s hydromodification control processes, detailed later in this memo, are 
substantiated.   


All third-party and proprietary software will be subject to more rigorous review upon the issuance of Final 
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Hydromodification Criteria. This review would include further testing of various development and 
treatment scenarios as well as an in-depth analysis of software functionality and processes. 


As stated previously, the Co-Permittees and Brown and Caldwell are currently preparing sizing tools to 
assess the effectiveness of hydromodification controls. These tools will be available in association with 
implementation of the final Hydromodification Management Plan (HMP).    


 


Long-Term Hourly Precipitation Gauge Data 


Prior to the commencement of hydromodification control modeling to meet Interim Hydromodification 
Criteria for a project site, the project proponent should take the following steps to ensure use of the 
appropriate precipitation gauge data. 


 For projects in the unincorporated areas of San Diego County, the project proponent should 
contact the appropriate Department of Planning and Land Use (DPLU) Project Manager 


 For projects located in other jurisdictions within San Diego County, the project proponent should 
contact the jurisdiction’s NPDES coordinator. 


Following submittal of rainfall gauge information requests through the appropriate representative in the 
governing jurisdiction, the jurisdiction will in turn forward the request to the County HMP Program 
Coordinator, who will submit the request to Brown and Caldwell. At the time of this memo, nine (9) 
requests have been submitted (eight via the County of San Diego and one from the City of Chula Vista). 
To meet Interim Hydromodification Criteria, Brown and Caldwell will provide rainfall gauge information to 
consultants in either a WDM format compatible with HSPF or a CSV format compatible with HEC-HMS.  


Given the fact that rainfall gauge information has been prepared for interim conditions and is subject to 
change, we request that information provided in these requests not be forwarded beyond the requesting 
consultant team. Once the data has passed through a full QC process and full Co-Permittee review, then 
the information will be posted for general use. At that time, a formal memo will be prepared for each 
rainfall gauge detailing the data preparation process, data sources, start and end dates of the rainfall 
record, quantification of the uncertainty related to the rainfall record, and partial duration flow frequency 
statistics. 


Upon preliminary review of all available San Diego County rainfall records, Brown and Caldwell has 
identified 19 precipitation rain gauges throughout the County for input to continuous simulation models. 
The gauge locations were selected to provide adequate geographic coverage of the County. Gauges 
were distributed among major watersheds to provide coverage in coastal, inland valley, foothill and 
mountain areas of the County.  


Gauge selection was further governed by minimum continuous simulation modeling requirements 
including the following:  


 The selected precipitation gauge data set should be located near the project site to ensure that 
long-term rainfall records closely resemble the anticipated rainfall patterns for the site. Gauges 
were selected in proximity to areas planned for future development and redevelopment. 


 Recording frequency for the gauge data set should be hourly (or more frequent). 


 The gauge rainfall record should extend for the entire length of the record. Where the gauge 
record length is less than 35 years, then adjacent gauge information will be used to extend the 
record length to 35 years. 


Precipitation gauges identified by Brown and Caldwell, summarized in the Table 1 below and graphically 
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depicted in Figure 1, all have recording frequencies of one hour and recording data records of at least 35 
years. 


TABLE 1 – Rainfall Station Summary 


 
Station Elevation Watershed 
Bonita 120 Sweetwater River 
Encinitas 242 Between San Elijo Creek and San Marcos Creek ocean outfalls 
Escondido 645 Escondido Creek 
Fallbrook 675 San Luis Rey River (near ridge with Santa Margarita River watershed) 
Fashion Valley 20 San Diego River 
Flinn Springs 880 San Diego River 
Kearny Mesa 425 San Diego River (near ridge with San Clemente Canyon watershed) 
La Mesa 420 San Diego River (near ridge with Chollas Creek watershed) 
Lake Cuyamaca 4590 Upper San Diego River 
Lake Heneshaw 2990 Upper San Luis Rey River 
Lake Wohlford 1490 Upper Escondido Creek 
Lindbergh Field Near Sea Level Coastal – San Diego Bay 
Lower Otay 
Reservoir 491 Otay River 


Oceanside 30 San Luis Rey River 
Poway 440 Los Penasquitos Canyon 
Ramona 1450 Upper San Dieguito River 
San Onofre 162 North County Coastal – Pacific Ocean 
San Vicente 
Reservoir 663 San Diego River 


Santee 300 San Diego River 


Sources for data used in rainfall gauge data preparation include: 


 ALERT information from County of San Diego 


 Historical (pre-1982) rainfall station information from County of San Diego 


 NOAA / National Climatic Data Center (NCDC) 


 Western Regional Climate Center 


 California Irrigation Management Information System 


 California Data Exchange Center 


 California Department of Forestry 


Use of the most applicable long-term rainfall gauge data, as opposed to the scaling of rainfall patterns 
from Lindbergh Field, is required to account for the diverse rainfall patterns across San Diego County.  


Rainfall patterns in the San Diego area are highly variable between topographic regions. From the center 
of the active storm system, rainfall has historically decreased from north to south across the County. 
Analysis of long-term records indicates that seasonal rainfall in the northern portion of the County is 25-35 
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percent greater than in the southern portion of the County. Furthermore, the northern portion of the 
County has historically experienced more rain days on average as compared to the southern regions. 


Rainfall patterns between coastal, foothill and mountain areas of the County are also significantly varied. 
Rainfall totals in mountain areas are typically 100-200 percent greater than totals in coastal areas. As 
compared to Lindbergh Field daily rainfall totals, north county foothill areas typically experience 50 
percent higher rainfall totals while south county foothill areas experience increases of 25-30 percent. 


Upon completion of the Hydromodification Management Plan and implementation of final 
hydromodification criteria, the sizing tool currently in development by the Co-Permittees and Brown and 
Caldwell will automate the rainfall gauge selection process. 


 


Parameter Validation for Rainfall Losses 


In preparing computer models to assess storm water controls and meet Interim Hydromodification 
Criteria, rainfall loss parameters describing soil characteristics, land cover descriptions, and 
evapotranspiration data should be validated to prove consistency with the local environment and climatic 
conditions. 


To meet Interim Hydromodification Criteria, soil and land cover parameter validation can be based on any 
of the following: 


 Calibration to local stream flow data, where applicable. Examples of local calibration studies 
include, but are not limited to, TMDL modeling efforts prepared for the San Diego Regional Water 
Quality Control Board.  


 Published parameter values consistent with previous studies for San Diego County and Southern 
California, such as HSPF-related regional calibration studies, research projects, regional soil 
surveys, etc. 


 Specific data prepared as part of a site-specific geotechnical investigation 


 If parameters are transposed or modified from calibration efforts outside of Southern California, 
the source should be identified and justification should be provided stating why such data is 
applicable for San Diego County. Details should be provided justifying how parameters from such 
studies were adjusted to be applicable to San Diego conditions. 


To meet Interim Hydromodification Criteria, the evapotranspiration parameter validation process should 
include documentation of the source of evapotranspiration data and commentary of the effects of varying 
evapotranspiration patterns between the subject site and parameter data source. Detailed and tabulated 
long-term data is currently available for Lindbergh Field. A full review of local pan evaporation and 
potential evapotranspiration data will be included as part of development of the final hydromodification 
sizing tool.   


Information contained in this section refers to documentation required in association with the submittal of 
analyses to meet Interim Hydromodification Criteria (IHC) prior to implementation of final HMP criteria. 
The final HMP submittal will include quantification of rainfall loss and evapotranspiration parameters to be 
used in future analyses. 


 


Hydromodification Control Processes 


Storm water devices designed to meet Interim Hydromodification Criteria should be analyzed pursuant to 
the following criteria: 
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 Infiltration processes should be modeled with sufficient complexity to properly quantify the flow 
control benefit to the receiving streams. These infiltration processes should be transparent and 
fully documented.  


 Infiltration quantification should include provisions for water head and pore suction effects for 
multiple layers of varying materials (i.e., ponding areas, amended soil layer, gravel layer, etc.), or 
provide justification why such complex processes are not included. 


 Storage processes associated with each layer of the storm water device should be fully explained 
and quantified.   


 Device outflow curves should consider controls associated with device underdrains. The 
methodology by which such state-discharge relationships are developed should be fully 
documented. 


 


Peak Flow and Flow Duration Statistics 


To assess the effectiveness of storm water devices in mitigating hydromodification effects to meet Interim 
Hydromodification Criteria, peak flow frequency statistics should be developed using either a partial-
duration or peak annual series. Peak flow frequency statistics estimate how often flow rates will exceed a 
given threshold. In this case, the key peak flow frequency values would be the lower and upper bounds of 
the geomorphically significant flow range.  


The use of peak annual series data to meet Interim Hydromodification Criteria may be used because: 


 IHC lower thresholds are set at 0.2*Q5 (based on the 5-year flow) 


 Peak flow versus recurrence interval curves for the peak annual series and the partial-duration 
series tend to converge between Q5 and Q10 


It should be noted that peak annual series data may not be acceptable if the lower flow control thresholds, 
as determined as part of the final HMP development, are based on Q2 instead of Q5. The need for partial-
duration statistics is more pronounced for control standards based on more frequent return intervals, 
since the peak annual series does not perform as well in the estimation of such events.  


Flow duration statistics must also be summarized to determine how often a particular flow rate is 
exceeded. To determine if a storm water facility meets hydromodification criteria, peak flow frequency and 
flow duration curves must be generated for pre-project and post-project conditions. Both pre-project and 
post-project simulation runs should extend for the entire length of the rainfall record. 


For a more detailed review of peak flow frequency and flow duration curves, refer to the aforementioned 
Brown and Caldwell memo titled “Using Continuous Simulation to Size Storm Water Control Facilities” 
(May 2008).  


  


Conclusion 


Until the Co-Permittees and Brown and Caldwell complete development of the final hydromodification 
sizing tool, alternate methods may be used to meet Interim Hydromodification Criteria, provided that 
adherence to specific evaluation criteria detailed in this memo is demonstrated. The information in this 
Technical Memorandum is subject to minor revision pending review by the County of San Diego, NPDES 
Co-Permittees, and the Technical Advisory Committee. 
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Project Title:  San Diego County Hydrograph Modification Plan 


Project No:  133904 


 


San Diego County Hydrograph Modification Plan 


Subject:  Using Continuous Simulation to Size Storm water Control Facilities 


Date:  May 9, 2008 


To:  Sara Agahi, San Diego County 


From:  Tony Dubin, Brown and Caldwell 
Nancy Gardner, Brown and Caldwell 


 
Brown and Caldwell prepared this memo to help civil engineers through the process of sizing storm water 
control facilities to meet San Diego County’s Interim Hydromodification Criteria (IHC).  Since the 
publication of the IHC this past January, the County has been engaged in outreach activities to explain the 
new storm water modeling methods required by the IHC and storm water facilities that could meet the IHC 
performance standard.  In response to the outreach efforts, the County has received several questions and 
comments along a common theme:   


1. How do we perform continuous hydrologic modeling analyses to size storm water control facilities?  


2. What is the precise meaning of the peak flow and flow duration curve matching standard described 
in the IHC memo?  


This document is not a complete “how-to manual” for conducting continuous hydrologic modeling to meet 
the County’s IHC, but we hope it addresses the major technical concerns of the local engineering community.   


Using Continuous Simulation Models to Size Storm Water Facilities 
The IHC requires continuous simulation hydrologic modeling to adequately size storm water control facilities.  
This is a significant break with the practice described in the County of San Diego’s Hydrology Manual of 
using event-based modeling to determine whether a storm water pond, swale or other device was properly 
sized.  Event-based modeling computes storm water runoff rates and volumes generated by a synthetic 
rainfall event with a total depth that matches local records (e.g., rainfall depths shown in County isopluvial 
maps).  By contrast, continuous modeling uses a long time series of actual recorded precipitation data as input 
a hydrologic model.  The model in turn simulates hydrologic fluxes (e.g., surface runoff, groundwater 
recharge, evapotranspiration) for each model time step.   


Continuous hydrologic models are usually run using one-hour or 15-minute time steps, depending on the type 
of precipitation data available and computational complexity of the model.  Continuous models generate 
outputs for each model time step and most software packages allow the user to output a variety of different 
hydrologic flux terms.  For example, a continuous simulation model setup with 25 years of hourly 
precipitation data will generate 25 years of hourly runoff estimates, which corresponds to runoff estimates for 
each of the 219,000 time steps (each date and hour) of the 25 year simulation period.  While creating and 
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running continuous simulation models involves more effort than running event-based models, the clear 
benefit of the continuous approach is that these models allow an engineer to estimate how often and for how 
long flows will exceed a particular threshold.  Limiting how often and for how long geomorphically 
significant flows occur is at the heart of San Diego County’s approach to hydrograph modification 
management.   


Two common models were presented at a recent APWA workshop on HMP issues: HSPF and HEC-HMS.  
HSPF refers to the Hydrologic Simulation Program-FORTRAN and is distributed by the USEPA.  HEC-
HMS refers to the Hydrologic Modeling System (HMS) produced by the US Army Corps of Engineers 
Hydraulic Engineering Center (HEC).  Engineers unfamiliar with these software packages should seek out 
training opportunities and online guidance.  The USEPA conducts training workshops around the US to help 
teach engineers how to use HSPF.   HEC-HMS training is provided through ASCE and third-party vendors.   


The following list describes the major elements of developing a hydrologic model and using that model to 
size storm water facilities that meet the IHC.   


1. Select an appropriate historical precipitation dataset for the analysis.   
a. The precipitation station should be located near the project site or at least receive similar 


rainfall intensities and volumes as the project site.   
b. The station should also have a minimum of 25-years of data recorded at hourly intervals or 


more frequently.   


2. Develop a model to represent the pre-project conditions, including  
a. Land cover types 
b. Soil characteristics  
c. General drainage direction and slope 


3. Develop a model to represent the post-project conditions, including  
a. New land cover types – more impervious surfaces 
b. Soil characteristics  
c. Any modifications to the drainage layout 


4. Examine the model results to determine how the proposed development affects storm water flows 
a. Compute peak flow recurrence statistics (described below)  
b. Compute flow duration series statistics (described below)  


5. Iteratively size storm water control facilities until the post-project peak flows and durations meet the 
performance standard described below.   


 


Understanding the Peak Flow and Flow Duration Performance Criteria 
The IHC is based on a peak flow and flow duration performance standard.  To compute the peak flow and 
flow duration statistics described in the standard, model users must have a method for evaluating long time 
series outputs (usually longer than the 65,000 rows available in MS Excel 2003 and earlier versions) and 
computing both peak flow frequency statistics and flow duration statistics.   


We recommend computing peak flow frequency statistics by constructing a partial-duration series rather 
than an “annual maximum” series, because the partial-duration series provides better resolution for assigning 
recurrence intervals to events that occur more frequently than once per 10 years, which are the events that are 
most important for the HMP  This involves examining the entire runoff time series generated by the model, 
dividing the runoff time series into a set of discrete unrelated events, determining the peak flow for each 
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event, ranking the peak flows for all events and then computing the recurrence interval or plotting position 
for each storm event.  To limit the number of discrete events to a manageable number, we usually only select 
events that are larger than a 3-month recurrence when generating the partial duration series.  We consider 
flow events to be “separate” when flow rates drop below a threshold value for a period of at least 24 hours.  
The threshold should be less than the two-tenths of the 5-year flow rate that forms the lower limit to the IHC 
control range, but high enough to create a manageable number of events in the partial-duration series – less 
than 200 events.   


The exercise described above will generate a table of peak flows and corresponding recurrence intervals (i.e., 
frequency of occurrence for a particular flow).  For continuous modeling and peak flow frequency statistics, it 
is important to remember that events refer to flow events and not precipitation events.  Peak flow frequency 
statistics estimate how often flow rates will exceed a given threshold.  For example, the 5-year flow event 
represents the flow rate that is equaled or exceeded an average of once per 5 years (and the storm generating 
this flow does not necessarily correspond to the 5-year precipitation event).  Ranking the storm events 
generated by a continuous simulation and computing the recurrence interval of each storm will generate a 
table similar to Table 1 below.   


Readers who are unfamiliar with how to compute the partial-duration series should consult reference books 
or online resources for additional information.  For example, Hydrology for Engineers, by Linsley et all, 1982, 
discusses partial-duration series on pages 373-374 and computing recurrence intervals or plotting positions on 
page 359.  Handbook of Applied Hydrology, by Chow, 1964, contains a detailed discussion of flow frequency 
analysis, including Annual Exceedance, Partial-Duration and Extreme Value series methods, in Chapter 8.  
The US Geological Survey (USGS) has several hydrologic study reports available online that use partial-
duration series statistics (see http://water.usgs.gov/ and 
http://water.usgs.gov/osw/bulletin17b/AGU_Langbein_1949.pdf).   


Table 1.  Example Peak Flow Frequency Statistics 


Recurrence Interval 
(years) 


Peak Flow  
(cfs per acre) 


58.5 0.73 
21.9 0.69 
13.5 0.53 
9.8 0.53 
7.6 0.51 
6.3 0.51 
5.3 0.50 
4.6 0.50 
4.1 0.49 
3.7 0.48 
3.3 0.48 
3.0 0.46 
2.8 0.45 
2.6 0.45 
2.4 0.45 
2.3 0.45 
2.1 0.44 
2.0 0.42 
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Flow duration statistics are more straightforward to compute than peak flow frequency statistics.  Flow 
duration statistics provide a simple summary of how often a particular flow rate is exceeded.  To compute the 
flow duration series, rank the entire runoff time series output and divide the results into discrete bins.  Then, 
compute how often the flow threshold dividing each bin is exceeded.  For example, let’s assume the results of 
a 35-year continuous simulation hydrologic model with hourly time steps show that flows leaving a project 
site exceeded 5 cfs an average of about once per year for 30 hours at a time.  This corresponds to a total of 
1050 hours of flows exceeding 5 cfs over 35 years.  Another way to express this information is to say a flow 
rate of 5 cfs is exceeded 0.34 percent of the time.  Computing the “exceedance percentage” for other flow 
rates will fill out the flow duration series.  Table 2 lists an example flow duration series.   


 


Table 2.  Example Flow Duration Statistics 
Flow  


(cfs per acre) 
Percent of Time Flow 


Rate is Exceeded 
0.02 0.67% 
0.03 0.43% 
0.04 0.34% 
0.06 0.27% 
0.07 0.21% 
0.09 0.17% 
0.10 0.15% 
0.12 0.12% 
0.13 0.11% 
0.15 0.09% 
0.16 0.08% 
0.17 0.07% 
0.19 0.06% 
0.20 0.05% 
0.22 0.05% 
0.23 0.04% 
0.25 0.04% 
0.26 0.03% 


 


The intention of the IHC performance standard is to limit the potential for new development to generate 
accelerated erosion of stream banks and stream bed material in the local watershed by matching the post-
project hydrograph to the pre-project hydrograph for the range of flows that are likely to generate significant 
amounts of erosion within the creek.  The IHC memo identified the geomorphically significant flow range as 
extending from two-tenths of the 5-year flow to the 10-year flow (0.2Q5 to Q10).  The performance standard 
requires the following:   


A. For flow rates from 20% of the pre-project 5-year runoff event (0.2Q5) to the pre-project 10-year 
runoff event (Q10), the post-project discharge rates and durations shall not deviate above the pre-
project rates and durations by more than 10% over more than 10% of the length of the flow duration 
curve.  


B. For flow rates from 0.2Q5 to Q5, the post-project peak flows shall not exceed pre-project peak 
flows. For flow rates from Q5 to Q10, post-project peak flows may exceed pre-project flows by up 
to 10% for a 1-year frequency interval. For example, post-project flows could exceed pre-project 
flows by up to 10% for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not from Q8 to Q10.   
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Determining When a Storm Water Control Facility Meets the IHC Performance 
Standard 


The previous section discussed how to calculate peak flow frequency and flow duration statistics.  By 
comparing the peak flow frequency and flow duration series for pre-project and post-project conditions, an 
engineer can determine whether a stormwater control facility would perform adequately or if its size should 
be increased or decreased.  The easiest way to determine if a particular storm water facility meets the IHC 
performance standard is to plot peak flow frequency curves and flow duration curves for the pre-project and 
post-project conditions.   


Figure 1 shows a flow duration curve for a hypothetical development.  The three curves show what 
percentage of the time a range of flow rates are exceeded for three different conditions:  pre-project, post-
project and post-project with storm water mitigation.  For this hypothetical example, the computed minimum 
geomorphically significant flow rate is 0.10 cfs, which equals the pre-project 0.2Q5 flow.  (The 0.2Q5 flow 
rate should be calculated using the partial-duration series method described above; values of 0.2Q5 will be 
site specific.) According to Figure 1, flows leaving the project site would equal or exceed this value about 
0.14% of the time (about 12 hours per year).  For post-project conditions, this flow rate would occur more 
often – about 0.38% of the time (about 33 hours per year).  This increase in the duration of the 
geomorphically significant flow after development illustrates why duration control is closely linked to 
protecting creeks from accelerated erosion.  Higher flows that last for longer durations provide the energy 
necessary to increase the amount of erosion in local creeks.  The post-project mitigated condition would 
include stormwater controls designed to limit the duration of geomorphically significant flows.  Figure 1 
shows that flows exceed 0.10 cfs only 0.08% of the time, which is less than pre-project conditions.  This 
means the stormwater control mitigations would counteract the effects of the increased pavement associated 
with development projects.   


The flow duration plots should be examined to determine whether a stormwater control facility would meet 
the IHC.  Looking at the flow range between 0.2Q5 and Q10, the post-project mitigated curve should plot on 
or to the left of the pre-project curve.  If the post-project curve plots to the left of the pre-project curve, this 
means a particular flow would occur for shorter durations due to storm water controls.  Minor deviations 
where the post-project durations exceed the pre-project durations are allowed over a short portion of the 
flow range as described in IHC item A above.   
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Figure 1.  Flow Duration Series Statistics for a Hypothetical Development Scenario 


 


Figure 2 shows a peak flow frequency curve for pre-project, post-project and post-project with storm water 
mitigation scenarios.  The curves indicate how often a particular flow rate would be equaled or exceeded.  For 
example, the pre-project 5 year flow rate would be 0.5 cfs per acre.  This means under pre-project conditions, 
a flow rate of 0.5 cfs per acre would be equaled or exceeded an average of once per 5 years.  For developed 
conditions, this 0.5 cfs per acre peak flow rate occur more often – about once per 1.5 years or, expressed 
another way, more than 3 times as often.  The developed 5 year flow rate would increase by 30 percent over 
the pre-project condition, from 0.5 cfs per acre to about 0.65 cfs per acre.   


Storm water control facilities should reduce peak flows from the site to levels less than or equivalent to the 
pre-project conditions.  To determine whether a storm water facility provides sufficient protection, examine 
the peak flow frequency curves to see if the post-project mitigated peak flows are lower than pre-project peak 
flows of the same recurrence interval.  The post-project mitigated scenario curve should plot below the pre-
project curve for recurrence intervals between 0.2Q5 and Q10 to meet the IHC performance standard, with 
the possible exception of the small, allowable deviations described above in IHC item B.    
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Figure 2.  Peak Flow Frequency Statistics for a Hypothetical Development Scenario 


 


In summary, this memorandum outlines the general methodology for using continuous simulation modeling 
and statistical analysis to size stormwater facilities to meet the IHC.  The key steps involve developing a 
model to evaluate pre-project and post-project stormwater runoff, computing peak flow frequency and flow 
duration statistics and using these statistical results, via the graphical method shown in Figure 1 and Figure 2, 
to determine if a stormwater facility is adequately sized to meet the IHC performance requirements.   
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CCCWP Contra Costa Clean Water Program 
CEM Channel Evolution Model 
CEQA California Environmental Quality Act 
 
D50 Median grain size diameter 
 
Ep Erosion potential index 
ET Evapotranspiration 
 
FSURMP Fairfield-Suisun Urban Runoff Management 


Program 
 
GIS Geographical Information System 
 
HEC-HMS Hydrologic Modeling System; distributed by the US 


Army Corps of Engineers Hydrologic Engineering 
Center 


HMP Hydromodification Management Plan 
HR Hydraulic Radius 
HSPF Hydrologic Simulation Program FORTRAN, 


distributed by USEPA 
 
IMP Integrated Management Practices 
 
LID Low Impact Development 
LSPC Loading Simulation Program in C++ 
 
NOAA National Oceanic and Atmospheric Administration 
NPDES National Pollutant Discharge Elimination System 
NRCS Natural Resource Conservation Service 
 
PLS Pervious Land Surface 
PWA Philip Williams & Associates 
 
Q Flow 
Qcrit Critical flow 
 
RWQCB Regional Water Quality Control Board 
 


SCCWRP Southern California Coastal Water Research Project 
SCVURPPP  Santa Clara Valley Urban Runoff Pollution 


Prevention Program 
STOPPP San Mateo County Stormwater Pollution Prevention 


Program 
SUSMP Standard Urban Stormwater Mitigation Plan 
SWM Stanford Watershed Model 
SWMM Storm Water Management Model; distributed by 


USEPA 
SWMP Storm Water Management Plan 
SWWM Storm Water Management Model 
 
TAC Technical Advisory Committee 
TMDL Total Maximum Daily Load 
 
USACE United States Army Corps of Engineers 
USEPA United States Environmental Protection Agency 
USGS United States Geological Survey 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


E X E C U T I V E  S U M M A R Y  


Background 
The need to address hydromodification and its influence on water quality is included in the San Diego 
Regional Water Board Order R9-2007-001, Provision D.1.g of California Regional Water Quality Control 
Board San Diego Region Order R9-2007-0001, which requires the San Diego Stormwater Copermittees to 
implement a Hydromodification Management Plan (HMP) “…to manage increases in runoff discharge rates 
and durations from all Priority Development Projects, where such increased rates and durations are likely to 
cause increased erosion of channel beds and banks, sediment pollutant generation, or other impacts to 
beneficial uses and stream habitat due to increased erosive force.”   


To address this permit condition, the Copermittees, represented by the County of San Diego, hired a 
consultant team and proceeded with developing an HMP that meets the intent of the Permit Order.  The 
permit requires the Copermittees to develop an HMP for all Priority Development Projects (PDP), with 
certain exemptions.  The HMP must develop standards to control flows within the geomorphically-significant 
flow range.  Supporting analyses must be based on continuous hydrologic simulation modeling. 


As required by Permit Order No. R9-2007-0001, each Copermittee shall incorporate the approved HMP into 
its local Standard Urban Storm Water Mitigation Plan (SUSMP) and implement the HMP for all applicable 
PDPs by January 14, 2011. 


HMP Development Process 
All 21 Copermittees participated in the development of the HMP, both financially and through their 
participation in the Copermittees Hydromodification/SUSMP Workgroup.  The Workgroup was 
convened 14 times over the course of the project at times that corresponded with key decision points in 
developing the HMP and the update to the SUSMP.  The Workgroup reviewed and commented on all drafts 
of the HMP and SUSMP, as well as reviewed all of the public comments received on these documents and 
responses to comments. 


A key element of the San Diego HMP was the creation and involvement of a Technical Advisory Committee 
(TAC).  The TAC members consisted of respected individuals from academia, technical resource agencies, 
the development community, consulting engineers, and environmental organizations.  The TAC was tasked 
with providing technical input to the scientific approach and interpretation of results integral to the 
establishment of numerical flow control standards for the HMP, and met 11 times since October 2007.   


Literature Review 
Pursuant to Permit Section D.1.g(1)(e), the consultant team conducted a literature review as a basis for the 
initial development of the HMP.  The review focused on several key technical areas, including an analysis of 
the flow control approaches used in past hydromodification management efforts.  Concepts of effective 
work, critical flow, and erosion potential were reviewed along with noted stream classification strategies.  
Finally, hydromodification management strategies were reviewed, including LID, flow duration control 
basins, and in-stream mitigation.  The literature review also focused on continuous simulation modeling 
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approaches, rainfall data management, determination of rainfall losses due to infiltration, and determination 
of rainfall losses due to evaporation.   


To assess the effectiveness of storm water devices to meet hydromodification criteria, peak flow 
frequency, and duration statistics were required to be developed.  A literature review examining these 
statistical methods indicated that the use of a partial-duration series is preferred for climates similar to San 
Diego County.  The need for partial-duration statistics is more pronounced for control standards based on 
more frequent return intervals (such as the 2-year design storm), since the peak annual series statistics do not 
perform as well in the estimation of such events.  This phenomenon is especially pronounced in the San 
Diego region’s semi-arid climate.  Partial-duration series frequency calculations consider multiple storm 
events in a given year while the peak annual series considers just the peak storm event.  The Hydrologic 
Research Center (HRC), which is located in San Diego, recommended use of the partial duration series 
method to most accurately estimate flow frequency response in the San Diego climate. 


Methodology and Technical Approach 
Per the Permit Order, a range of runoff flow rates was required to be determined to identify the range for 
which Priority Development Project post-project runoff flows and durations shall not exceed pre-project 
runoff flows and durations.  The Order further required a continuous hydrologic simulation of the entire 
rainfall record be generated.  In January 2008, Interim HMP standards were developed in order to meet the 
Regional Board Order.  These requirements pertained only to projects disturbing 50 acres or more. 


Per final hydromodification management criteria developed for San Diego County, which will be applicable 
to all Priority Development Projects, results of a hydromodification management analysis must adhere to the 
following criteria: 
 For flow rates between the pre-project lower flow threshold (see below) and the pre-project 10-year 


runoff event, the post-project discharge rates, and durations may not deviate above the pre-project 
discharge rates and durations by more than 10 percent over more than 10 percent of the length of the 
flow duration curve. 


 Lower flow thresholds may be determined using the HMP Decision Matrix (located in Chapter 6) along 
with a critical flow calculator and channel screening tools developed by the Southern California Coastal 
Water Research Project (SCCWRP), detailed in Chapter 5.  These methods identify lower flow thresholds 
for a range of channel conditions.  The critical flow calculator recommends a lower flow value of 0.1Q2, 
0.3Q2, or 0.5Q2 dependent on the receiving channel material and dimensions.  This value will be 
compared to the channel susceptibility rating (High, Medium, or Low) as determined from the SCCWRP 
screening tools located in Appendix B to determine the final lower flow threshold. 


 The lower flow threshold may alternately be determined as 10 percent of the pre-project 2-year runoff 
event, or 0.1Q2.  This approach, which is outlined in the HMP Decision Matrix, is available if the project 
applicant chooses not to complete the channel screening analysis. 


Information regarding the analysis and categorization of streams from a geomorphic context has been 
prepared in a concurrent grant-funded hydromodification study by the Southern California Coastal Water 
Research Project (SCCWRP) and the County of San Diego.  Screening tools developed by SCCWRP identify 
channel susceptibility to hydromodification impacts.  These include tools to classify receiving streams as 
having either a High, Medium, or Low susceptibility to channel erosion impacts.  Where receiving stream 
channels are already unstable, the standard is to avoid acceleration of the existing erosion problems.  Where 
receiving channels are in a state of dynamic equilibrium, hydromodification management may prevent the 
onset of erosion or other problems.   
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Requirements/Standards for Projects 
Priority Development Projects are required to implement hydromodification mitigation measures so that 
post-project runoff flow rates and durations do not exceed pre-project flow rates and durations where such 
increases would result in an increased potential for erosion or significant impacts to beneficial uses.  
Hydromodification mitigation can provide: 
 Demonstration of no post-project increase in impervious area and resultant peak flow rates as compared 


to pre-project conditions; 
 Installation of LID BMPs, such as bioretention facilities, to control runoff flows and durations from new 


impervious areas; 
 Mitigation of flow and durations through implementation of extended detention flow duration 


control basins; 
 Preparation of continuous simulation hydrologic models and comparison of the pre-project and mitigated 


post-project runoff peaks and durations (with hydromodification flow controls) until compliance is 
achieved; and  


 Implementation of in-stream rehabilitation controls to demonstrate that projected increases in runoff 
peaks and/or durations would not accelerate erosion to the rehabilitated receiving stream reach.  


The HMP Decision Matrix, which leads project applicants through the HMP compliance options, is located 
in Chapter 6. 


Exemptions 
The HMP Decision Matrix outlines potential exemptions from hydromodification management criteria.  
These potential exemptions include discharges to exempt receiving waters such as the Pacific Ocean, to 
hardened conveyance systems that extend to exempt systems, as well as discharges to highly urbanized 
watersheds (greater than 70 percent imperviousness). 


Selection and Implementation of BMPs 
The project proponent may use Low-Impact Development (LID) integrated management practices to 
mitigate hydromodification impacts, using design procedures, criteria and sizing factors developed by the 
consultant team with input from the TAC and Copermittees.  The sizing factor development protocol, which 
includes the use of a continuous simulation of runoff from the long-term rainfall record, is detailed in 
Chapter 7.   


LID facilities must be designed to be practically built and maintained within the urban environment.  Since 
the HMP will be implemented through the municipal development review process, design criteria have been 
specified and will be incorporated into conditions of approval.  This HMP advocates the use of LID design 
approaches to provide both treatment of the 85th percentile water quality event as well as flow control to 
meet hydromodification criteria.  To assure compliance with hydromodification flow control requirements, 
design criteria, specifications, and long-term operations and maintenance requirements have been provided in 
the Model SUSMP for a variety of LID-based flow control methods including bioretention basins, flow-
through planter boxes, and bioretention systems in combination with cisterns and vaults.  Provisions will also 
be provided for the design of larger extended detention flow duration control scenarios subsequent to 
approval of the HMP by the Regional Board and subsequent approval of local SUSMPs. 
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Details regarding rainwater harvesting, the collection of storm water for future reuse and a potentially 
effective storm water quality mitigation approach, are discussed in the San Diego Model SUSMP document. 
Because the release of the collected water is not standardized and since a full collection facility at the onset of 
rainfall would provide no flow control benefit, rainwater harvesting methods are not discussed in this HMP.  


Proof of a long-term, ongoing maintenance responsibility and mechanism will be required for all post-
construction BMP and flow control facilities.  If not properly designed or maintained, hydromodification 
flow control devices may create a habitat for vectors such as mosquitoes or rodents.  Maintenance activities 
for flow control and LID devices will be specified in the proposed Project Submittal. 


Monitoring and BMP Evaluation 
Chapter 8 of this HMP includes an outline for a monitoring program to assess the effectiveness of 
hydromodification management facilities.  Monitoring activities will include inflow and outflow monitoring 
from BMPs, baseline cross section monitoring, and flow-based sediment monitoring.  These monitoring 
efforts will coordinate with ongoing hydromodification monitoring work conducted by SCCWRP. 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


1 .  I N T R O D U C T I O N  


Hydromodification refers to changes in the magnitude and frequency of stream flows as a result of 
urbanization and the resulting impacts on receiving channels in terms of erosion, sedimentation, and 
degradation of in-stream habitat.  The degree to which a channel will erode is a function of the increase in 
driving force (shear stress), the resistance of the channel (critical shear stress), the change in sediment 
delivery, and the geomorphic condition of the channel.  Critical shear stress is the stress threshold above 
which erosion occurs.  Not all flows cause erosion -- only those that generate shear stress in excess of the 
critical shear stress of the bank and bed materials.  Urbanization increases the shear stress exerted on the 
channel by stream flows and can trigger erosion in the form of incision (channel downcutting), widening 
(bank erosion), or both.  Increases in flow below critical shear stress levels have little or no effect on 
the channel. 


Provision D.1.g of the San Diego Regional Water Quality Control Board (RWQCB) Permit Order R9-2007-
0001 requires the Copermittees to implement a HMP “…to manage increases in runoff discharge rates and 
durations from all Priority Development Projects, where such increased rates and durations are likely to cause 
increased erosion of channel beds and banks, sediment pollutant generation, or other impacts to beneficial 
uses and stream habitat due to increased erosive force.”  Where receiving stream channels are already 
unstable, hydromodification management can be thought of as a method to avoid accelerating or exacerbating 
existing problems.  Where receiving stream channels are in a state of dynamic equilibrium, hydromodification 
management may prevent the onset of erosion or other problems.  


To address the permit condition, the San Diego Storm Water Copermittees, represented by the County of 
San Diego, hired a consultant team and proceeded with developing an HMP that meets the intent of the 
Order.  Permit Order R9-2007-0001 contains certain requirements that strongly influence the methodology 
chosen in development of the HMP.  The Permit requires the Copermittees to develop an HMP for all 
Priority Development Projects (with certain exemptions) and develop standards to control flows within the 
geomorphically-significant flow range.  Supporting analyses must be based on continuous hydrologic 
simulation modeling. 


The Copermittees will incorporate HMP requirements into the local approval processes via incorporation of 
HMP criteria into local SUSMPs.  The San Diego region’s updated Model SUSMP will incorporate the Final 
HMP criteria.  HMP criteria will be incorporated into the local SUSMP and municipal ordinances no later 
than 180 days following RWQCB adoption of the HMP. 


It should be noted that the San Diego RWQCB jurisdiction area covers the majority of San Diego County.  A 
portion of eastern San Diego County, all of which is part of the unincorporated County of San Diego, is 
under the jurisdiction of the Colorado River RWQCB and is not subject to the provisions of this HMP. 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


2 .  C O P E R M I T T E E  H M P  D E V E L O P M E N T  P R O C E S S  


Although the County of San Diego serves as the lead agency for development of the HMP, all 20 of the other 
Copermittees have participated in its development, both financially and through participation in the 
Copermittees’ Hydromodification/SUSMP Workgroup, which is a subcommittee of the Copermittees’ Land 
Development Workgroup.  The Hydromodification/SUSMP Workgroup was convened periodically over the 
course of the project at times corresponding with key decision points in developing the HMP and the update 
to the Model SUSMP. 


This workgroup was tasked with providing regional standards and consistency in the development, 
implementation, assessment, and reporting of urban runoff activities and programs related to 
hydromodification management.  As required by Permit Section D.1.g, the Workgroup assisted in the 
development of the regional HMP.  


It should be noted that Copermittees’ Regional Land Development Workgroup will continue to meet to 
discuss and resolve any issues that may arise during the HMP implementation phase.  The Workgroup will 
also assist in the refinement and reinforcement of methodologies, criteria, and standards established in the 
HMP.  This Workgroup has provided training regionally to municipal staffs as well as the local engineering 
community on LID and hydromodification management concepts, as well as requirements in the updated 
Model SUSMP and HMP. 


The Copermittee HMP Workgroup met 14 times since July 2007.  The table below summarizes meeting 
dates, locations, and agenda items.  In addition to the formal meetings, the Copermittee HMP Workgroup 
coordinated via email on countless occasions to review and discuss technical documents, deliberate regarding 
specific HMP-related topics and reach consensus to provide direction for the consultant team. 
 


Table 2-1.  Copermittee Workgroup Meetings Summary 
Date Location Agenda 


July 26, 2007 
County of San Diego 


9325 Hazard Way 
San Diego, CA 


• Formation of a Technical Advisory Committee 
• Discussion of HMP requirements in other permits 
• Consultant contract for HMP 


August 23, 2007 
City of San Diego 


2392 Kincaid Road 
San Diego, CA 


• Formation of a Technical Advisory Committee 
• Consultant contract for HMP 


October 18, 2007 
County of San Diego 


9325 Hazard Way 
San Diego, CA 


• Development of interim hydromodification criteria 
• Technical Advisory Committee 


November 5, 2007 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• Development of interim hydromodification criteria 


December 13, 2007 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• Development of interim hydromodification criteria 
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Table 2-1.  Copermittee Workgroup Meetings Summary 
Date Location Agenda 


May 12, 2008 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• Development of interim hydromodification criteria 


June 19, 2008 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• HMP progress report 


October 21, 2008 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• HMP submittal to the Regional Board 


December 16, 2008 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• HMP submittals to the Regional Board 
• Rain gauge data for HMP continuous simulation modeling 


January 15, 2009 
City of Chula Vista 
1800 Maxwell Road 


Chula Vista, CA 


• Approval of Draft HMP for submittal to RWQCB 
• Approval of Model SUSMP for submittal to RWQCB 


July 20, 2009 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• HMP Decision Matrix 
• Discussion of potential exemptions 


October 28, 2009 
City of Chula Vista 
1800 Maxwell Road 


Chula Vista, CA 


• Discussion of Draft Final HMP document 
• Discussion of HMP implementation 
• HMP Design Standards 


June 22, 2010 
County of San Diego 


5201 Ruffin Road 
San Diego, CA 


• HMP Monitoring Plan 


September 22, 2010 
City of Santee 


10601 Magnolia Avenue 
Santee, CA 


• HMP Monitoring Plan 
• QAPP Development Process 


The Copermittees will incorporate HMP requirements into the local approval processes via incorporation of 
HMP criteria into their local SUSMPs and municipal ordinances no later than 180 days following RWQCB 
adoption of the HMP.  The San Diego region’s updated Model SUSMP will also incorporate the Final 
HMP criteria.   


 







 
3-1 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


3 .  T E C H N I C A L  A D V I S O R Y  C O M M I T T E E  


A key element of the San Diego HMP was the creation and involvement of a TAC.  The TAC members 
consist of respected individuals from academia, technical resource agencies, the development community, 
consulting engineers, and environmental organizations.  Dennis Bowling of the San Diego American Public 
Works Association (APWA), Chair of the Water Resources Committee, chairs the TAC.  A list of all TAC 
members and attendees to the meetings is included at the end of this section.  The TAC, which has been 
convened on t11 occasions that correlated with key decision-making points in the development of the HMP, 
was tasked with providing technical input to the HMP’s scientific approach and interpretation of results 
integral to the establishment of numerical flow control standards as well as to the Copermittees for their 
policy determinations.  At each TAC meeting, the consultant team presented a PowerPoint presentation 
describing the technical approach, and solicited feedback and buy-in from TAC members.  While the TAC 
did not always achieve consensus on recommendations to the Copermittee workgroup, its discussions and 
alternate views were presented to the Copermittees for their consideration.  An example involves comments 
provided by the Natural Resources Defense Council (NRDC) and Coastkeeper.  While some of their 
comments, such as their opinion that storm events up to the 100-year event should be considered for 
hydromodification mitigation, differed from the majority consensus of the TAC, their comments were 
considered and specifically addressed.  A comment response document to Coastkeeper comments is included 
in Appendix C. 


Some of the key input received from the TAC included agreement with the Consultant Team’s approach to 
using a synthetic watershed modeling approach to develop flow control standards (due to time constraints 
and a lack of published information on local geomorphology); agreement with the selection of 20 
representative rain gauges and methodology to address data gaps (to provide the historical rainfall record for 
the required continuous simulation hydrologic modeling); agreement on the use of scaled Lindbergh Field 
data to conduct the initial modeling efforts (since available local rain gauge data sets were not in a format 
suitable for use with continuous simulation software at the time they were required); input on development of 
the HMP decision matrix; lower flow threshold calculator; and SCCWRP channel screening tools/domain 
of analysis. 


The table below summarizes meeting dates, locations, and agenda items for all TAC meetings. 
 


Table 3-1.  Technical Advisory Group Meeting Summary 
Date Location Agenda 


February 20, 2008 
City of San Diego 


Metro Biosolids Conference Rm. 
San Diego, CA 


• Formation of a Technical Advisory Committee 
• Introduction of Consultant Team 
• Proposed approach to developing HMP and Model SUSMP Update 


(presentations by Dan Cloak, Dan Cloak Environmental Consulting and Andy 
Collison, PWA) 


• Input on how much channel erosion is tolerable 
• Input on how aggrading channels should be addressed 
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Table 3-1.  Technical Advisory Group Meeting Summary 
Date Location Agenda 


May 29, 2008 
City of San Diego 


Metro Biosolids Conference Rm. 
San Diego, CA 


• Recap of Interim HMP Standard 
• Input on/agreement with approach on synthetic watershed modeling approach 


(presentation by Andy Collison, PWA) 
• Input on/agreement with approach to conducting geomorphic assessment 
• Discussion of approach to conducting continuous hydrologic simulation 


modeling 


August 5, 2008 
City of San Diego 


Metro Biosolids Conference Rm. 
San Diego, CA 


• Input on/agreement with approach to selection of representative gauges and 
management of rainfall data (Presentation by Eric Mosolgo, Brown and 
Caldwell) 


• Overview of approach to conducting continuous hydrologic simulation 
modeling (Presentation by Eric Mosolgo, Brown and Caldwell) 


• Overview of BMP Sizing Tool Development (Presentation by Eric Mosolgo) 
• Initial results of synthetic watershed modeling based on 2 watersheds in San 


Diego County (Presentation by Andy Collison, PWA)  


October 14, 2008 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Recap of meeting with Regional Board to discuss HMP and Model SUSMP 
Update submittals 


• Input on/agreement with approach to supplementing rain gauge data sets and 
selection of proper rain gauge(s) for a project (Presentation by Eric Mosolgo, 
Brown and Caldwell) 


• Additional discussion of continuous hydrologic simulation modeling, including 
use of partial duration series data (Presentation by Eric Mosolgo and Tony 
Dubin, Brown and Caldwell) 


• Discussion of findings of synthetic watershed modeling (Presentation by Andy 
Collison and Christie Beeman, PWA) 


February 12, 2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Review of Draft HMP submittal to RWQCB, review of concurrent SCCWRP 
modeling, summary of flow threshold modeling efforts (Presentation by Eric 
Mosolgo, Brown and Caldwell) 


• Presentation of flow threshold analysis and lower threshold alternatives 
including watershed position and channel characteristics (Presentation by 
Andy Collison and Christie Beeman, PWA) 


April 21, 2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Review of comments prepared by Dr. Richard Horner, prepared on behalf of 
Coastkeeper, pertaining to the Draft HMP submitted to the RWQCB; review of 
SCCWRP work for San Diego HMP; requirements for partial duration rainfall 
series analysis; watershed position affects on lower flow threshold; and 
development of the HMP implementation decision matrix (Presentation by Eric 
Mosolgo, Brown and Caldwell) 


• Development of lower flow threshold nomograph and determination of 
alternate minimum flow rate (Presentation by Christie Beeman, PWA) 


June 17, 2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Summary and review of SCCWRP progress on developing the Channel 
Susceptibility Analysis and Domain of Analysis (Presentation by Eric Stein, 
SCCWRP, via telephone) 


• Review and discussion of lower flow threshold nomograph (Presentation by 
Andy Collison, PWA, via telephone) 


• Review of minimum flow rate and cumulative impacts (Eric Mosolgo, Brown 
and Caldwell) 


• Response to Coastkeeper comments on Draft HMP (Eric Mosolgo, Brown and 
Caldwell) 


• Discussion of BMP Sizing Calculator development (Presentation by Tony 
Dubin, Brown and Caldwell, via telephone, and Eric Mosolgo) 


• Discussion of Draft HMP Decision Matrix (Eric Mosolgo, Brown and Caldwell) 
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Table 3-1.  Technical Advisory Group Meeting Summary 
Date Location Agenda 


July 29, 2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Review of SCCWRP progress on developing the channel screening tools (Eric 
Mosolgo, Brown and Caldwell) 


• Discussion of Revised Draft HMP Decision Matrix (Eric Mosolgo, Brown and 
Caldwell) 


• Responses to RWQCB comments on Draft HMP submittal (Eric Mosolgo, 
Brown and Caldwell) 


September 30, 
2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Summary and review of SCCWRP progress on developing the Channel 
Susceptibility Analysis and Domain of Analysis (Presentation by Eric Stein, 
SCCWRP) 


• Discussion of Track 1 and Track 2 flow threshold analysis development 
(Presentation by Andy Collison, PWA, via telephone and Webcast) 


• Discussion of Draft HMP Decision Matrix, HMP exemptions, design standards 
technical memo, and proposed monitoring plan (Eric Mosolgo, Brown and 
Caldwell) 


October 16, 2009 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• Discussion of minimum orifice size (Eric Mosolgo, Brown and Caldwell) 
• Review of proposed monitoring plan (Eric Mosolgo, Brown and Caldwell) 
• Review of lower flow threshold analysis and modification to the PWA calculator 


(Eric Mosolgo, Brown and Caldwell) 
• Review and discussion of revised HMP Decision Matrix incorporating the 


SCCWRP Channel Susceptibility tools (Eric Mosolgo, Brown and Caldwell) 


June 21, 2010 


City of San Diego 
Stormwater Dept. Conference Rm. 


9370 Chesapeake Drive 
San Diego, CA 


• HMP Monitoring Plan 


The tables below list TAC members, non-TAC member meeting attendees, and the HMP Consultant Team.   
 


Table 3-2.  Technical Advisory Committee (TAC) 
Name and Entity Sector Represented 


Sara Agahi, County of San Diego San Diego Stormwater Copermittees 
Edward Beighley, San Diego State University BMP and Erosion Control Expert 
Livia Borak, San Diego Coastkeeper, Natural Resources Defense 
Council (NRDC)  Environmental Community 


Dennis Bowling, Rick Engineering Chair of TAC 
Dr. Howard Chang, San Diego State University Geomorphology Expert 
Rob Hawk, City of San Diego Geotechnical Expert 
Mikhail Ogawa, Mikhail Ogawa Engineering TAC Coordinator 
Eric Reichard, U.S. Geological Survey Geology Expert 
Eric Sattler, Spear & Associates North County Engineers Council 
Gabriel Solmer, San Diego Coastkeeper, Natural Resources Defense 
Council (NRDC) Environmental Community 


Eric Stein, Southern California Coastal Water Research Project 
(SCCRWP) Technical Resource Agency 


Garret Tam Sing, CA Department of Water Resources Technical Resource Agency 
Martin Teal, West Consultants Consulting Engineers 
Tory Walker, Tory Walker Engineering Building Industry Association 
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Table 3-3.  TAC Meeting Attendees (Non-TAC Members) 


Name Entity/Affiliation 
David Hauser City of Carlsbad 
Glen Van Peski City of Carlsbad 
Khosro Aminpour City of Chula Vista 
Silvester Evetovich City of Chula Vista 
Tom Adler City of Chula Vista 
Jaime Campos City of El Cajon 
Masih Maher City of Encinitas 
Erik Steenblock City of Encinitas 
Cheryl Filar City of Escondido 
Homi Namdari City of Escondido 
Mo Lahsaie City of Oceanside 
Alison Witheridge City of Oceanside 
Billy Walker City of Oceanside 
Danis Bechter City of Poway 
Roger Morrison City of Poway 
Sumer Hasenin City of San Diego 
James Nabong City of San Diego 
Sassan Haghgoo City of San Marcos 
Julie Procopio City of Santee 
Greg Mayer City of Vista 
Karen Franz Coastkeeper 
Vaikko Allen Contech Stormwater Solutions 
Chris Crompton County of Orange 
George Edwards County of Orange 
Anthony Barry County of San Diego 
John Quenzer D-MAX Engineering 
Arsalan Dadkhah D-MAX Engineering/City of National City 
Dick Rol Foothill Engineering 
Jeff O’Connor Home Fed 
Dave Hammar Hunsaker & Associates 
Luis Parra Hunsaker & Associates, Adams Engineering, URS 
Eylon Shamir Hydrologic Research Center 
Rosanna Lacarra PBS&J 
Debby Reece Project Design Consultants 
Allison Gutierrez Port of San Diego 
Karen Holman Port of San Diego 
Rich Lucera RBF 
Braeden Macguire RBF 
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Table 3-3.  TAC Meeting Attendees (Non-TAC Members) 
Name Entity/Affiliation 
Laura Henry Rick Engineering 
Bob Cullen Riverside County Flood Control & Water Conservation District 
Jason Uhley Riverside County Flood Control & Water Conservation District 
Tyler Schemper Tory Walker Engineering 
Matt Moore URS Corporation/Port of San Diego 


 
Table 3-4.  HMP Consultant Team 


Name Company 
Christie Beeman Philip Williams & Associates 
Dr. Andrew Collison Philip Williams & Associates 
Dan Cloak Dan Cloak Environmental Consulting 
Tony Dubin Brown and Caldwell 
Nancy Gardiner Brown and Caldwell 
Eric Mosolgo Brown and Caldwell 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


4 .  L I T E R A T U R E  R E V I E W  


Pursuant to Permit Section D.1.g(1)(e), this section provides the results of a literature review conducted as a 
basis for the initial development of the HMP. 


4.1 Flow Control Approach  
HMPs that have been developed in the San Francisco Bay Area of California (Contra Costa, Santa Clara, and 
Alameda Counties) vary with regard to the emphasis placed on lower flow control thresholds as compared to 
other approaches, such as distributed LID methods.  However, there is consensus in that both the frequency 
and duration of flows must be controlled, requiring the use of continuous simulation hydrologic modeling (as 
opposed to the more standard design storm approach used for flood control design) for evaluation of 
potential development impacts.  It is also generally accepted that events smaller than the 10-year design flow 
are the most critical for hydromodification management. 


The Santa Clara HMP focused on the use of detention basins for hydromodification management and 
strongly emphasized the lower flow control limit for site runoff.  Extended detention flow control basins can 
utilize multi-stage outlets to mitigate both the duration and magnitude of flows within a prescribed range.  To 
avoid the erosive effects of extended low flows, the maximum rate at which runoff is discharged is set below 
the erosive threshold.  Per the Santa Clara HMP, the lower flow control limit was defined as the flow rate that 
generates critical shear stress on the channel bed and banks.  Both Santa Clara and Alameda Counties 
correlated the lower flow control limit to a value equal to 10 percent of the 2-year runoff event. 


The Contra Costa HMP strongly emphasized the use of LID methods to meet hydromodification 
management criteria.  LID approaches to hydromodification management rely on site design and distributed 
LID Best Management Practices (BMPs) to control the frequency and duration of flows and to mitigate 
hydrograph modification impacts.  By minimizing directly connected impervious areas and promoting 
infiltration, LID approaches mimic natural hydrologic conditions to counteract the hydrologic impacts of 
development.  Because more runoff is retained onsite and in distributed facilities the lower discharge limit is 
less critical for LID facilities since different facilities discharge to the stream system at different times.   


The County of San Diego and Copermittees interviewed three consultant teams as part of the selection 
process to develop the HMP.  The selection panel; which included representatives from the County of San 
Diego, City of San Diego, City of Chula Vista, and the City of Encinitas, selected the team led by Brown and 
Caldwell and included Phillip Williams Associates and Dan Cloak Engineering.  This team had previously 
developed the HMP for Contra Costa County and thus, the Contra Costa approach was selected as the base 
approach for the San Diego HMP. 


For the San Diego region’s Interim Hydromodification Management Criteria, the range of flows to be 
managed under the hydrograph curve-matching approach (matching of peak flows and durations within the 
geomorphically significant range) was expressed as a percentage of the 5-year runoff event, based on the 
understanding that the 5-year runoff event is considered the dominant channel-forming discharge for 
Southern California streams.  This assumption was based upon the paper titled, “Effect of Increases in Peak 
Flows and Imperviousness on the Morphology of Southern California Streams,” by Coleman, MacRae, and 
Stein.  The following list details the range of flows recommended in the San Diego region’s Interim 
Hydromodification Criteria. 
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 For flow rates between 20 percent of the pre-project 5-year runoff event and the pre-project 10-year 
runoff event, the post-project discharge rates and durations may not deviate above the pre-project 
discharge rates and durations by more than by more than 10 percent over more than 10 percent of the 
length of the flow duration curve. 


 For flow rates between 20 percent of the pre-project 5-year runoff event and the pre-project 5-year runoff 
event, the post-project flows shall not exceed pre-project flows.  For flow rates between the 5-year and 
10-year runoff events, post-project flows may exceed pre-project flows by up to 10 percent for a 1-year 
frequency interval. 


 The project proponent may also use LID integrated management practices to manage hydromodification 
impacts, using design procedures, criteria, and sizing factors (ratio of the required LID area to the 
tributary impervious area) specified by the Copermittees.  


The Interim Hydromodification Management Criteria listed above were put in place beginning in January 
2008 for development projects that disturb 50 acres or more. 


Hydromodification in the context of this project refers to changes in the magnitude and frequency of stream 
flows as a result of urbanization and the resulting impacts on the receiving channels in terms of erosion, 
sedimentation, and degradation of instream habitat.  The processes involved in this degradation are complex, 
but involve an alteration of the hydrologic regime of a watershed due to increases in impervious surfaces, 
more efficient and dense storm drain networks, and a change in historic sediment sources.  The study of 
hydromodification is an evolving field, and regulations to manage the impacts of hydromodification must take 
into account the latest science available.   


HMPs seek ways to mitigate erosion impacts by establishing requirements for controlling runoff from new 
development.  In order to establish appropriate regulations, it is important to understand 1) how land use 
changes alter storm water runoff; and 2) how these changes can impact stream channels.  This literature 
review focuses on how these issues have been addressed in HMPs adopted within the state of California as 
well as relevant journal articles, books, and other reports.  This report builds upon previous literature reviews 
developed for other HMPs, and attempts to not repeat information that can be found in those reports.  
Instead this report is a synthesis of information that can be found in those studies and is augmented with 
either more recent studies or information relevant to Southern California.  


4.1.1 Previous Studies 


Previous hydromodification literature reviews were conducted by Geosyntec Consultants (Mangarella and 
Palhegyi, 2002) for the Santa Clara Valley Urban Runoff Pollution Prevention Program (SCVURPPP) and by 
the Contra Costa Clean Water Program (CCCWP 2004).  Mangarella and Palhegyi provide a detailed overview 
of the geomorphic and hydrologic processes involved in hydromodification and the reader is directed there 
for more detailed information on the mechanics of stream erosion.  Channel Assessment methods described 
in Section 2 of this report rely heavily on those reviewed by Bledsoe et al. (2008) for SCCWRP.  


As of the date of this report, five approved HMPs have been published.  These include HMPs for 
SCVURPPP (2005), the CCCWP (2005), the Fairfield-Suisun Urban Runoff Management Program FSURMP 
(2005), the Alameda Countywide Clean Water Program (ACCCMP 2005), and the San Mateo County 
Stormwater Pollution Prevention Program (STOPPP 2005).  In addition, a number of  HMPs were 
implemented while agencies developed their final plans.  Interim HMPs are not detailed in this report due to 
the fact that these plans have adopted findings from the above listed HMPs.  
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4.1.2 Hydrograph Modification Processes  


The effects of urbanization on channel response have been the focus of many studies (see Paul and Meyer, 
2001 for a review), and the widely accepted consensus is that increases in impervious surfaces associated with 
urbanizing land uses can cause irreversible channel degradation.  Urbanization generally leads to a change in 
the amount and timing of runoff in a watershed, which leads to increases in erosive forces on bank and bed 
material.  This can cause large-scale channel enlargement, stream bank failure, loss of aquatic habitat and 
degradation of water quality.  


Channel erosion, like most physical processes, is a complex system based on a variety of influences.  Channel 
erosion is non-linear (Philips 2003) meaning the response of streams is not directly proportional to changes in 
land use and flow regimes.  Small changes or temporary disturbances in a watershed may lead to 
unrecoverable channel instability (Kirkby 1995).  These disturbances may give rise to feedback systems 
whereby small instabilities can be propagated into larger and larger instabilities (Thomas 2001).  


A variety of factors have been documented to contribute to instability in streams.  These include historic land 
use practices such as grazing (Trimble and Mendel 1995), logging (Jana et al. 1975), wildfire patterns, (Benda 
et al., 2003), geologic uplift (Colin and Burbank 2007), climatic changes (Leeder 1998), or removal of flora or 
fauna from the watershed (Ripple et al. 2001).  


Although these parameters are varied, urban runoff control programs focus on managing the effect that new 
impervious surfaces have on stream channels.  Stream channels show some form of temporal stability, 
whereby they resist change until a threshold of system parameters are exceeded (Thomas 2001).  A number of 
studies have sought to correlate the amount of urbanization in a watershed and stream instability (Bledsoe 
2001; Booth 1990, 1991; Both and Jackson 1997; MacRae 1992; 1993; 1996; Coleman et al. 2005).  Evidence 
from these studies suggests that streams resist instability until a watershed urbanization threshold is crossed.  
This threshold appears to be around seven to ten percent watershed urbanization for perennial streams 
(Schueler 1998 and Booth 1997), but may be much lower for intermittent streams such as those found in 
Southern California.  Studies done in Santa Fe, New Mexico (Leopold and Dunne 1978) suggest that dramatic 
changes occur at four percent impervious area of the watershed.  Initial studies by Coleman et al. (2005) 
suggest that this urbanization threshold may be as low as two to three percent for intermittent streams in 
Southern California.  It is important to understand that use of impermeable cover alone is a poor predictor of 
channel erosion due to regional differences and differences in storm water detention and infiltration 
within regions. 


Though it is well established that watershed urbanization causes channel degradation, a detailed 
understanding of how development alters runoff and how this altered runoff in turn causes erosion is still 
being developed.  This section briefly describes these processes and summarizes methods used to quantify 
hydromodification impacts. 


4.1.2.1 Effective Work 


The ability of a stream to transport sediment is proportional to the amount of flow in the stream: as flow 
increases, the amount of sediment moved within a channel also increases.  The ability of a stream channel to 
transport sediment is termed stream power, which integrated over time is work.  Leopold (1964) introduced 
the concept of effective work, whereby the flow-frequency relationship of a channel is multiplied by sediment 
transport rate.  This gives a mass-frequency relationship for erosion rates in a channel.  Flows on the lower 
end of the relationship (e.g., two-year flows) may transport less material, but occur more frequently than 
higher flows, thereby having a greater overall effect on the work within the channel.  Conversely, higher 
magnitude events, while transporting more material, occur infrequently so as to have less effective work.  
Leopold found that the maximum point on the effective work curve occurred around the 1- to 2-year 
frequency range.  This maximum point is commonly referred to as the dominant discharge and corresponds 
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roughly to a bankfull event (a flow that fills the actively scoured portion of the channel up to a well defined 
break in the bank slope).  


Urbanization tends to have the greatest relative impact on flows that are frequent and small, and which tend 
to generate less-than-bankfull flows.  Change is greatest in these events because prior to urbanization 
infiltration would have absorbed much or all of the potential runoff, but following urbanization a high 
percent of the rainfall runs off.  Thus, events that might have generated little or no flow in a non-urbanized 
watershed can contribute flow in urban settings.  These smaller less-than-bankfull events have been found to 
do a significant proportion of the work in urban streams (MaCrae 1993) due to their high frequency, and can 
lead to channel instability.  Less frequent, larger magnitude flows (e.g., flows greater than Q10) are less 
strongly affected by urbanization because during such large storm events the ground rapidly becomes 
saturated and acts in a similar manner as impervious surfaces. 


4.1.2.2 Erosion Potential  


As part of the SCVURPPP’s HMP process, GeoSyntec Consultants (2004) studied the Lower-Silver-
Thompson Creek subwatershed in Santa Clara County to characterize the pre-development effective work 
and compare it to modeled post-development effective work.  Stability was assessed by comparing these 
effective work curves via an erosion potential index (Ep).  This value is the ratio of the effective work of a 
pre-development stream to that of a post-development stream.  A developed stream with an Ep of 1.0 has 
the same ability to transport sediment as an undeveloped stable stream.  Managing the Ep of a stream can 
focus on managing the hydrologic regime of a watershed or on managing the stream itself.  Both of these 
methods are discussed in Section 4.1.4.  


Ep was adopted as a hydromodification metric for the SCVURPPP’s hydromodification management 
program, and was later incorporated into four of the five approved HMPs.  In addition, its use is being 
promoted by several research and regulatory bodies.  


4.1.2.3 Estimating Critical Qc  


Due to the increase in impervious surfaces and fewer opportunities for infiltration of storm water, 
urbanization creates more runoff volume than an un-urbanized watershed.  Opportunities for infiltration of 
excess storm water exist in some areas, but many times are infeasible due to cost or land use constraints.  
Therefore, some of the excess storm water must be discharged to a receiving stream.  In order to achieve a 
comparable Ep to a pre-developed condition, this excess runoff volume must be discharged at a rate at which 
no additional stream work is done.  


Bed load sediment moves through transmission of shear stress from the flow of water to the bed load 
material.  An increase in velocity of water corresponds to an increase in shear stress.  In order to initiate 
movement of bed material, however, a shear stress threshold must be exceeded.  This is commonly referred 
to as critical shear stress, and is dependent on sediment and channel characteristics.  For a given point on a 
channel where the cross-section is known, the critical shear can be related to a stream flow.  The flow that 
corresponds to the critical shear is known as the critical flow, or Qc.  For a given cross-section, flows that are 
below the value for Qc do not initiate bed movement, while flows above this value do.  


The SCVURPPP expressed Qc as a percentage of the two-year flow in order to develop a common metric 
across watersheds of different size, and allow for easy application of HMP requirements   For the two 
watersheds studied, a similar relationship was found where Qc corresponded to 10 percent of the two-year 
flow.  This became the basis for the lower range of geomorphically significant flows under the SCVURPPP 
HMP and is referred to as Qcp to indicate that it is a percentage of flow.  That program also adopted the 
10-year flow as the upper end of the range of flows to control with the justification that increases in stream 
work above the 10-year flow were small for urbanized areas.  
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A similar study was conducted for the FSURMP on two watersheds in Fairfield, California following a 
geomorphic assessment.  That study found Qcp to be 20 percent of the pre-development two-year flow.  The 
differences in the two values may be attributable to differences in watershed characteristics in Santa Clara 
County and Fairfield.  Channels in Fairfield were found to have a more densely vegetated riparian corridor 
and may have a higher resistance to increases in shear stresses (FSURMP).  Values for Qcp appear to be 
similar among neighboring watersheds, but there appears to be no evidence for a ‘universal’ Qcp, and the 
characteristics of individual biomes (climatically and geographically defined areas of ecologically similar 
climatic conditions such as communities of plants, animals, and soil organisms, and are often referred to as 
ecosystems) should be taken into account when developing a Qcp. For example, Western Washington State, 
which has more densely vegetated riparian zones than either Fairfield or Santa Clara County, has adopted a 
Qcp of 50 percent of the 2-year flow.  


A summary of flow control standards adopted in each of these HMPs is given in Table 4-1.   
 


Table 4-1.  Flow Control Standards Adopted by Selected Agencies for Hydromodification Management.   
Permitting Agency Qcp Largest Managed Flow 


Santa Clara County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10) 
Alameda County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10) 
San Mateo County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10) 
Contra Costa County 10 percent of the 2-year flow (0.1Q2) 10-year flow (Q10) 
Fairfield-Suisun Urban Runoff Management 
Program 20 percent of the 2-year flow (0.2Q2) 10-year flow (Q10) 


Western Washington State 50 percent of the 2-year flow (0.5Q2) 50-year flow (Q50) 


4.1.3 Stream Channel Stability 


Numerous stream channel stability assessment methods have been proposed to help identify which channels 
are most at risk from hydrograph modification impacts and/or define where HMP requirements should 
apply.  Assessment strategies range from purely empirical approaches to channel evolution models to energy-
based models (see Simon et al., 2007 for a critical evaluation).  


4.1.3.1 Stream Classification Systems 


A recent study by Bledsoe et al. (2008) for SCCWRP describes nine types of classification and mapping 
systems with an emphasis on assessing stream channel susceptibility in Southern California.  The summary 
below is taken from that study.  Bledsoe also provides a summary of the implications of these classification 
and mapping systems to the development of hydromodification tools for Southern California.  The article 
provides a detailed breakdown of guidelines for developing hydromodification tools given the advantages and 
disadvantages of each system previously assessed.   


Planform Classifications and Predictors 


Alluvial channels form a continuum of channel types whose lateral variability is primarily governed by three 
factors: flow strength, bank erodibility, and relative sediment supply.  Though many natural channels conform 
to a gradual continuum between straight and intermediate, meandering, and braided patterns, abrupt 
transitions in lateral variability imply the existence of geomorphic thresholds where sudden change can occur.  
The conceptual framework for geomorphic thresholds has proven integral to the study of the effects of 
disturbance on river and stream patterns.  Many empirical and theoretical thresholds have been proposed 
relating stream power, sediment supply and channel gradient to the transition between braiding and 
meandering channels.  Accounting for the effects of bed material size has been shown to provide a vital 
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modification to the traditional approach of defining a discharge-slope combination as the threshold between 
meandering and braided channel patterns.  The many braided planforms in Southern California indicate the 
need to refine and calibrate established thresholds to river networks of interest.  However, at this time there is 
not a well accepted model to predict how hydromodification affects channel planform. 


Energy-Based Classifications  


The link between channel degradation and urbanization has been exhaustively studied; however, impervious 
area is not the solitary factor influencing channel response.  Studies have shown that the ratio between 
specific stream power and median bed material size D50b, where b is approximately 0.4 to 0.5 for both sand- 
and gravel-bed channels, can be used as a valuable predictor of channel form.  Stream power, which is related 
to the square root of total discharge, is the most comprehensive descriptor of hydraulic conditions and 
sedimentation processes in stream channels.  Several studies have been performed relating channel stability to 
a combination of parameters such as discharge, median bed-material size, and bed slope, as an analog for 
stream power.  


General Stability Assessment Procedures 


By assessing an array of qualitative and quantitative parameters of stream channels and floodplains, several 
investigators have developed qualitative assessment systems for stream and river networks.  These assessment 
methods have been incorporated into models used to analyze channel evolution and stability.  Many 
parameters used to establish methodologies such as the Rosgen approach are extendable to a qualitative 
assessment of channel response in Californian river networks.  Field investigations in Southern California 
have shown that grade control can be the most important factor in assessing the severity of channel response 
to hydromodification.  Qualitative methodologies have proven extendable to many regions and utilize many 
parameters that may provide valuable information for similar assessments in California.   


Sand vs. Gravel Behavior / Threshold vs. Live-Bed Contrasts 


It is well recognized that the fluvial-geomorphic behavior varies greatly between sand and gravel/cobble 
systems.  Live bed channels (of which sand channels are good examples) are systems where sediment moves 
at low flows, and where sediment is frequently in motion.  Threshold channels such as gravel streams, by 
contrast, require considerable flow to initiate bedload movement.  Live bed channels are more sensitive both 
to increases in flow and decreases in sediment supply than threshold channels.  Scientific consensus shows 
that sand bed streams lacking vertical control show greater sensitivity to changes in flow and sediment 
transport regimes than do their gravel/cobble counterparts.  Factors such as slope which affect discharge and 
sedimentation regimes are known to have greater impact on sand-bed streams.  This can be an important 
issue for storm water systems that receive runoff from watersheds composed primarily of streams with sandy 
substrate.  The transition between sand and gravel bed behavior can be rapid which may make it possible to 
utilize geographic mapping methods to identify channel segments according to their susceptibility to the 
effects of hydromodification. 


Channel Evolution Models of Incising Channels 


The Channel Evolution Model (CEM) developed by Schumm et al. (1984) posits five stages of incised 
channel instability organized by increasing degrees of instability severity, followed by a final stage of quasi-
equilibrium.  Work has been done to quantify channel parameters such as sediment load and specific stream 
power through each phase of the CEM.  A dimensionless stability diagram was developed by Watson et al. 
(2002) to represent thresholds in hydraulic and bank stability.  This conceptual diagram can be useful for 
engineering planning and design purposes in stream restoration projects requiring an understanding of the 
potential for shifts in bank stability.   
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Channel Evolution models Combining Vertical and Lateral Adjustment Trajectories 


Originally, CEMs focused primarily on incised channels with geotechnically, rather than fluvially, driven bank 
failure.  Several CEMs have been proposed that incorporate channel responses to erosion and sediment 
transport into the original framework for channel instability.  In these new systems, an emphasis is placed on 
geomorphic adjustments and stability phases that consider both fluvial and geomorphic factors.  The state of 
Vermont has developed a system of stability classification that suggests channel susceptibility is primarily a 
function of the existing Rosgen stream type and the current stream condition referenced to a range of 
variability.  This system places more weight on entrenchment (vertical erosion of a channel that occurs faster 
than the channel can widen, so that the resulting channel is more confined than the original channel) and 
slope than differentiation between bed types. 


Equilibrium Models of Supply vs. Transport-capacity / Qualitative Response 


The qualitative response model builds on an understanding of the dynamic relationship between the erosive 
forces of flow and slope relative to the resistive forces of grain size and sediment supply to describe channel 
responses to adjustments in these parameters.  In this system qualitative schematics provide predictions for 
channel response to positive or negative fluctuations in physical channel characteristics and bed material.  
Refinements to such frameworks have been made to account for channel susceptibility relative to existing 
capacity and riparian vegetation among other influential characteristics. 


Bank Instability Classifications 


Early investigations provided the groundwork for bank instability classifications by analyzing shear, beam, 
and tensile failure mechanisms.  The dimensionless stability approach developed by Watson characterized 
bank stability as a function of hydraulic and geotechnical stability.  Rosgen (1996) proposed the widely 
applied Bank Erosion Hazard Index (BEHI) as a qualitative approach based on the general stability 
assessment procedures outlined above.  Other classification systems, like the CEM, identify bank instability 
according to channel characteristics that control hydrogeomorphic behavior. 


Hierarchical Approaches to Mapping Using Aerial Photographs / GIS 


It has become increasingly common practice to characterize stream networks as hierarchical systems.  This 
practice has presented the value in collecting channel and floodplain attributes on a regional scale.  Multiple 
studies have exploited geographical information systems (GIS) to assess hydrogeomorphic behavior at a basin 
scale.  Important valley scale indices such as valley slope, confinement, entrenchment, riparian vegetation 
influences, and overbank deposits can provide indispensable information for river networks in California.  
Many agencies are developing protocol for geomorphic assessment using GIS and other database associated 
mapping methodologies.   


4.1.4 Managing Hydromodification 


Most HMPs provide guidance on how Copermittees can meet the goals of their program.  There are many 
different approaches and most HMPs provide multiple options for achieving and documenting compliance.  
In general, hydrograph management approaches focus on managing runoff from a developed area so as to 
not increase instability in a channel, and in-stream solutions focus on managing the receiving channel to 
accept an altered flow regime without becoming unstable.  This chapter briefly summarizes various 
approaches for HMP compliance. 
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4.1.4.1 Hydrograph Management Solutions 


Facilities that detain or infiltrate runoff to mitigate development impacts are the focus of most HMP 
implementation guidance.  They work either by reducing the volume of runoff (infiltration facilities) or by 
holding water and releasing it below Qc (retention facilities).  These facilities, sometimes referred to as BMPs, 
can range from regional detention basins designed solely for flow control, to bioretention facilities that serve 
a number of functions.  A number of BMPs including swales, bioretention, flow-through planters, and 
extended detention basins have been developed to manage storm water quality, and there are several 
resources that describe the design of storm water quality BMPs (CASQA 2003; Richman et al. 2004).  In 
many cases these facilities can be designed to also meet hydromodification management requirements.  


Many HMPs also provide guidance for applying LID approaches to site design and land use planning to 
preserve the hydrologic cycle of a watershed and mitigate hydromodification impacts.  These plans typically 
include decentralized storm water management systems and protection of natural drainage features, such as 
wetlands and stream corridors.  Runoff is typically directed toward infiltration-based storm water BMPs that 
slow and treat runoff.  


The following sections summarize implementation guidance for designing hydromodification management 
BMPs that have been developed for existing HMPs. 


Sizing Hydromodification BMPS 


Hydromodification BMPs differ slightly from those BMPs used to meet water quality objectives in that they 
focus more on matching undeveloped flow-regimes than on filtering storm runoff, although these two 
functions can be combined into one facility.  Various methods exist for sizing Hydromodification BMPs.  


Hydrograph Matching.  This is an approach whereby the outflow hydrograph for a particular site matches 
closely with the pre-project hydrograph for a design storm.  This method is most traditionally used to design 
flood-detention facilities to mitigate for a particular storm recurrence interval (e.g., the 100-year storm).  
Although hydrograph matching can be employed for multiple storms, this method generally does not take 
into account the smaller, more frequent storms where a majority of the erosive work in stream channel is 
done and is therefore not widely accepted for HMP compliance.  


Volume Control.  This is a method for matching the pre-project and post-construction runoff volume for a 
project site.  Any increase in runoff volume is either infiltrated on site, or discharged to another location 
where streams will not be impacted.  The magnitude of peak flows is not controlled, and therefore this 
method, while ensuring that there is no increase in total volume of runoff, can result in higher erosive forces 
during storms.  


Flow Duration Control.  Refers to matching both the duration and magnitude of a specified range of storms.  
The entire hydrologic record is taken into account and pre-project and post-construction runoff magnitudes 
and volumes are matched as closely as possible.  Excess runoff is either infiltrated on site, or is discharged 
below Qcp. 


The SCVUPPP HMP reviewed each of these design approaches and concluded that a Flow Duration Control 
design approach was the most effective in controlling erosive flows.  Two examples were evaluated using this 
approach, one on the Thompson Creek subwatershed in Santa Clara Valley and one on the Gobernadora 
Creek watershed in Orange County.  The evaluation approach used continuous simulation modeling to 
generate flow-duration curves, and then designed a test hydromodification management facility to match pre-
project durations and flows. 
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In addition to the SCVURPP, the flow duration control design approach has been applied by ACCWP, 
STOPPP, FSURMP, and CCCWP.  Among these agencies, different approaches have emerged as to how to 
demonstrate that proposed BMPs meet flow-duration control guidelines.  Both methods employ continuous 
simulation to match flow-durations, but differences exist in how continuous simulation is used (site-specific 
simulation vs. unit area simulation).  Differences also exist in the focus of the two approaches (regional 
detention facilities vs. on-site LID facilities).  Both approaches were evaluated by the RWQCB, and deemed 
to be valid approaches (Butcher 2007). 


BAHM Approach 


The Bay Area Hydrology Model (BAHM) is a continuous simulation rainfall-runoff hydrology model 
developed for ACCWP, STOPPP, and SCVURPP .  It was developed from the Western Washington 
Hydrology Model, which focuses primarily on meeting hydromodification management requirements using 
storm water detention ponds alone or combined with LID facilities (Butcher 2007).  The Western 
Washington Hydrology model is based on the Hydrologic Simulation Program FORTRAN (HSPF) modeling 
platform, developed by the USEPA, and uses HSPF parameters in modeling watersheds.  


BAHM is a standalone modeling package that is available free of charge to the public.  Project proponents 
who want to size a hydromodification BMP select the location of their project site from a map of the county 
and BAHM correlates the project location to the nearest rainfall gauge and applies an adjustment factor.  The 
adjustment factor is applied to the hourly rainfall for the nearest gauge, to produce a weighted hourly rainfall 
at the project site.  The user then enters parameters for the proposed project site that describe soil types, 
slope, and land uses.  BAHM then runs the continuous rainfall-runoff simulation for both the pre-project and 
the post-construction conditions of the project site.  Output is provided in the form of flow-duration curves 
that compare the magnitude and timing of storms between the pre-project and the post-construction 
modeling runs.  


If an increase in flow durations is predicted, the user can select and size mitigation BMPs from a list of 
modeling elements.  An automatic sizing subroutine is available for sizing detention basins and outlet orifices 
that matches the flow duration curves between the pre-project scenario and a post-construction mitigation 
scenario.  Manual sizing is necessary for other BMPs included in the program, such as storage vaults, 
bioretention areas, and gravel trenches.  The program is designed so that once a BMP is selected and sized, 
the modeling run can be transferred to the local agency for approval.  The model reviewer at the local agency 
can open the program and verify modeling parameters and sizing techniques.  


CCCWP Approach  


The CCCWP developed their own protocol for selecting and sizing hydromodification BMPs, which are 
referred to as Integrated Management Practices (IMPs) in their guidebook.  Instead of a project proponent 
running a site-specific continuous simulation to size hydromodification control facilities, the CCCWP 
provides sizing factors for designing IMPs.  Sizing factors are based on the soil type of the project site and are 
adjusted for Mean Annual Precipitation.  Sizing factors are provided for Bioretention Facilities, Flow-
Through Planters, Dry Wells and a combination Cistern and bioretention facility.  


Sizing factors were developed through continuous-simulation HSPF modeling runs for a variety of 
development scenarios.  Flow-durations were developed for a range of soil types, vegetation and land use 
types, and rainfall patterns for development areas in Contra Costa County.  Then, based on a unit area  
(one acre) of impervious surface, flow-durations were modeled using several IMP designs.  These IMPs were 
then sized to achieve flow control for the range of storms required, (from 10 percent of the 2-year storm up 
to the 10-year storm).  These sizing factors were then transferred to a spreadsheet form for use by 
project proponents.  
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The primary difference between the CCCWP approach and the BAHM approach is the focus on type of 
BMP used.  Whereas the CCCWP approach focuses on meeting hydromodification management goals using 
lot-scale LID facilities, the BAHM approach is geared toward employing detention basins.  Although the 
CCCWP approach is based on utilizing sizing factors for specific BMPs, the program does allow for 
application of site-specific continuous simulation modeling, such as HSPF, if the relevant sizing factor has 
not been developed, such as storm water detention basins or constructed wetlands.  This approach can be 
used for larger developments where regional hydromodification facilities will be used. 


4.1.4.2 In-Stream Stabilization Solutions 


In-stream solutions focus on managing the stream corridor to protect stability and, if necessary, modify 
stream channels to accept an altered flow regime.  In cases where development is proposed in an already 
degraded watershed it may be beneficial to focus on rehabilitating the stream channel with an altered flow 
regime in mind rather than retrofitting the watershed or only controlling a percentage of the runoff.  In 
addition, in some cases where a master-planned watershed development plan is being implemented it may be 
more feasible to design a new channel to be stable under the proposed watershed land use rather than to 
construct distributed on-site facilities.   


Newhall Ranch Natural River Management Plan 


An example where in-stream solutions are being designed at the Master Plan level can be found in the 
Newhall Ranch Natural River Management Plan.  The proposed Newhall Ranch development near Valencia, 
California is employing a combination of distributed storm water quality facilities to manage storm water 
pollutants and in-stream management actions to manage an altered flow regime.  The management plan 
began with an analysis of post-development flow conditions, then found slopes and channel cross-sections 
that would be stable under these altered conditions.  Biotechnical bank stabilization and stable step-pools 
were included to allow the new channel to resist higher shear forces.  The plan has been approved by Los 
Angeles County Department of Public Works. 


The key objectives for the in-stream channel design employed for the Newhall Ranch development were:  
 Accommodate runoff flows from existing and future development; 
 Stabilize the channel bed and banks so that they do not degrade; 
 Preserve the waterway and canyon characteristics and environment, where applicable; 
 Minimize riparian and bank disturbance during construction, where applicable; 
 Implement improvements that are the most compatible with the environment and character of the region, 


yet sustainable on a long-term basis and 
 Minimize channel maintenance requirements. 


Other Methods 


A number of methods exist for managing channels to accept altered flow regimes and higher shear forces.  
These have been covered in detail in a number of sources available to watershed groups and public agencies.  
(A few helpful sources include Riley 1998, Watson and Annable 2003, and FISRWG 1998.) 


4.2 Continuous Simulation Modeling 
As part of the HMP development, Brown and Caldwell is preparing flow control sizing tools to assess the 
effectiveness of hydromodification controls.  A beta version of the HMP Sizing Calculator will be available by 
early 2010 and will be reviewed by the HMP TAC.  Since those sizing tools are not yet available, Brown and 
Caldwell has identified specific evaluation criteria for the design and analysis of hydromodification controls 
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using continuous simulation hydrologic modeling.  Evaluation criteria discussed herein focuses on the 
following items: 
 Continuous Simulation Hydrologic Modeling 
 Continuous Simulation Modeling Software 
 Long-Term Hourly Precipitation Gauge Data 
 Parameter Validation for Rainfall Losses 
 Hydromodification Control Processes 
 Peak Flow and Flow Duration Statistics 


Pursuant to criteria set forth by the San Diego RWQCB and by the San Diego County Copermittees in the 
Hydromodification Criteria, the use of continuous simulation hydrologic modeling is required to size storm 
water facilities to mitigate hydromodification effects.  Continuous simulation modeling uses an extended time 
series of recorded precipitation data as input and generates hydrologic output, such as surface runoff, 
groundwater recharge, and evapotranspiration, for each model time step. 


Continuous hydrologic models are typically run using either 1-hour or 15-minute time steps.  Based on a 
review of available rainfall records in San Diego County, we are recommending the use of a 1-hour time step 
(15-minute time series rainfall data are very limited).  Continuous models generate model output for each time 
step. In this case, hydrologic output would be generated for each hour of the continuous model.  A 
continuous simulation model with 35 years of hourly precipitation data will generate 35 years of hourly runoff 
estimates, which corresponds to runoff estimates for 306,600 time steps over the 35-year simulation period.  


Use of the continuous modeling approach allows for the estimation of the frequency and duration by which 
flows will exceed a particular threshold.  The limitations to increases of the frequency and duration of flows 
within that geomorphically significant flow range is the key component to San Diego County’s approach to 
hydromodification management. 


For a more detailed review of continuous simulation modeling, refer to a memo prepared by Brown and 
Caldwell titled Using Continuous Simulation to Size Storm Water Control Facilities (May 2008).  This memo is 
attached as Appendix E. 


4.2.1 Continuous Simulation Modeling Software 


The following public domain software models may be used to assess hydromodification controls for storm 
water facilities to meet the Hydromodification Criteria: 
 HSPF - Hydrologic Simulation Program-FORTRAN, distributed by United States Environmental 


Protection Agency (USEPA) 
 HEC-HMS – Hydrologic Modeling System; distributed by the US Army Corps of Engineers Hydrologic 


Engineering Center 
 SWMM – Storm Water Management Model; distributed by USEPA 


Third-party and proprietary software can be used to meet the Hydromodification Criteria provided that the 
software incorporates minimum design parameters summarized below: 
 Input and output data from the software can interface with public domain software such as HSPF HEC-


HMS, or SWMM.  In other words, input files from the third-party software should have sufficient 
functionality to allow export to public domain software for independent validation.  


 Rainfall data are selected according to an existing rainfall gauge location that is geographically and 
meteorologically similar to the project site location. 
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 Rainfall loss parameters used in the software can be substantiated and fully referenced.  
 The software’s hydromodification control processes, detailed later in this memo, are substantiated and 


fully referenced.   


All third-party and proprietary software will be subject to more rigorous review upon the adoption of the 
Final HMP.  This review would include further testing of various development and treatment scenarios as 
well as an in-depth analysis of software functionality and processes. 


As stated previously, Brown and Caldwell is currently preparing flow control sizing tools to assess the 
effectiveness of hydromodification controls.  These tools will be available in association with implementation 
of the final HMP.    


4.2.2 Parameter Validation for Rainfall Losses 


In preparing computer models to assess storm water controls and meet Hydromodification Criteria, rainfall 
loss parameters describing soil characteristics, land cover descriptions, and evapotranspiration data should be 
validated to prove consistency with the local environment and climatic conditions.  The validation process 
should include documentation of the source of evapotranspiration data and commentary of the effects of 
varying evapotranspiration patterns between the subject site and parameter data source.  A full review of local 
pan evaporation and potential evapotranspiration data will be included as part of development of the final 
hydromodification flow control sizing tool.   


To meet Hydromodification Criteria, soil and land cover parameter validation can be based on the following: 
 Calibration to local stream flow data, where applicable.  Examples of local calibration studies include, but 


are not limited to, total maximum daily load (TMDL) modeling efforts prepared for the San Diego 
RWQCB (TMDL for Indicator Bacteria Project I – Beaches and Creeks in the San Diego Region, Tetra Tech, 
December 2007).  


 Published parameter values consistent with previous studies for San Diego County and Southern 
California, such as HSPF-related regional calibration studies, research projects, regional soil surveys, etc. 


 Specific data prepared as part of a site-specific geotechnical investigation 
 If parameters are transposed or modified from calibration efforts outside of Southern California, the 


source should be identified and justification should be provided stating why such data are applicable for 
San Diego County.  Details should be provided justifying how parameters from such studies were adjusted 
to be applicable to San Diego conditions. 


 Recommended parameter value ranges from BASINS Technical Notice 6, Estimating Hydrology, and Hydraulic 
Parameters for HSPF, USEPA, July 2000. 


Storm water flow control devices designed to meet Hydromodification Criteria should be analyzed pursuant 
to the following criteria: 
 Infiltration processes should be modeled with sufficient complexity to properly quantify the flow control 


benefit to the receiving streams.  These infiltration processes should be transparent and fully documented.  
 Infiltration quantification should include provisions for water head and pore suction effects for multiple 


layers of varying materials (i.e., ponding areas, amended soil layer, gravel layer, etc.), or provide 
justification why such complex processes are not included. 


 Storage processes associated with each layer of the storm water device should be fully explained 
and quantified.   


 Device outflow curves should consider controls associated with device underdrains.  The methodology by 
which such stage-discharge relationships are developed should be fully documented. 







Section 4 Hydromodification Management Plan 


 
4-13 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx  


4.2.3 Peak Flow and Flow Duration Statistics 


To assess the effectiveness of storm water flow control devices in mitigating hydromodification effects to 
meet Hydromodification Criteria, peak flow frequency statistics should be developed.  Peak flow frequency 
statistics estimate how often flow rates will exceed a given threshold.  In this case, the key peak flow 
frequency values would be the lower and upper bounds of the geomorphically significant flow range.  Peak 
flow frequency statistics should be developed using either a partial-duration or peak annual series.  Partial-
duration series frequency calculations consider multiple storm events in a given year while the peak annual 
series considers just the peak annual storm event. 


Flow duration statistics must also be summarized to determine how often a particular flow rate is exceeded.  
To determine if a storm water facility meets hydromodification criteria, peak flow frequency and flow 
duration curves must be generated for pre-project and post-project conditions.  Both pre-project and post-
project simulation runs should extend for the entire length of the rainfall record. 


For a more detailed review of peak flow frequency and flow duration curves, refer to the aforementioned 
Brown and Caldwell memo titled Using Continuous Simulation to Size Storm Water Control Facilities (May 2008).  


The need for partial-duration statistics is more pronounced for control standards based on more frequent 
return intervals (such as the 2-year runoff event), since the peak annual series does not perform as well in the 
estimation of such events.  This phenomenon is especially pronounced in the San Diego County region’s 
semi-arid climate.  Per the advice of the Hydrologic Research Center, with whom the project team has 
consulted throughout the project, and a review of supporting literature, the use of a partial-duration series 
is recommended for semi-arid climates similar to San Diego County, where prolonged dry periods can skew 
peak flow frequency results determined by a peak annual series for more frequent runoff events.  


For the statistical analysis of the rainfall record, partial duration series events have been separated into 
discrete rainfall events assuming the following criteria. 
 To determine a discrete rainfall event, a lower flow limit was set to a very small value, equal to 0.002 cfs 


per acres of contributing drainage area. 
 A new discrete event is designated when the flow falls below 0.002 cfs per acre for a time period of 


24 hours. 


4.3 Rainfall Data 
Standards developed as part of this HMP to control runoff peak flows and durations are based on a 
continuous simulation of runoff using local rainfall data.  To provide for clear climatic designation between 
coastal, foothill and mountain areas of the County, and to distinguish between the major watershed units, 
historical records for a series of 20 rainfall data stations located throughout San Diego County were compiled, 
formatted and quality controlled for analysis. 


Long-term hourly rainfall records have been prepared for the 20 rainfall stations.  These rainfall record files 
are located on the Project Clean Water web site for public use (www.projectcleanwater.org).  Sources of the 
rainfall data include ALERT data from the County of San Diego (which extend back to 1982), the California 
Climatic Data Archive, National Oceanic and Atmospheric Administration (NOAA), the National Climatic 
Data Center, and the Western Regional Climate Center.  In all cases, the length of the overall rainfall station 
record is 35 years or the overall length of the rainfall record, whichever is longer. 
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Gauge selection was further governed by minimum continuous simulation modeling requirements including 
the following:  
 The selected precipitation gauge data set should be located near the project site to ensure that long-term 


rainfall records are similar to the anticipated rainfall patterns for the site.  Thus, gauges were selected in 
proximity to areas planned for future development and redevelopment. 


 Recording frequency for the gauge data set should be hourly (or more frequent). 
 The gauge rainfall record should extend for the entire length of the record.  Where the gauge record 


length is less than 35 years, then adjacent gauge records were used to extend the rainfall record to at least 
35 years. 


 Use of the most applicable long-term rainfall gauge data, as opposed to the scaling of rainfall patterns 
from Lindbergh Field, is required to account for the diverse rainfall patterns across San Diego County.  


Precipitation gauges identified by Brown and Caldwell, summarized in Table 4-2 below, all have recording 
frequencies of one hour and recording data ranges of at least 35 years. 
 


Table 4-2.  Rainfall Station Summary 
Station Elevation Watershed 
Bonita 120 Sweetwater River 


Encinitas 242 San Elijo Lagoon and Batiquitos Lagoon and ocean outlets 
Escondido 645 Escondido Creek 
Fallbrook 675 San Luis Rey River (near ridge with Santa Margarita River watershed) 


Fashion Valley 20 Lower San Diego River 
Flinn Springs 880 San Diego River 
Kearny Mesa 425 San Diego River (near ridge with San Clemente Canyon watershed) 


Lake Cuyamaca 4,590 Upper San Diego River 
Lake Heneshaw 2,990 Upper San Luis Rey River 
Lake Wohlford 1,490 Upper Escondido Creek 
Lindbergh Field Near Sea Level Coastal – San Diego Bay 


Lower Otay Reservoir 491 Otay River 
Morena Dam 3,075 Upper Tijuana River 
Oceanside 30 San Luis Rey River 


Poway 440 Los Penasquitos Canyon 
Ramona 1,450 Upper San Dieguito River 


San Onofre 162 North County Coastal – Pacific Ocean 
San Vicente Reservoir 663 San Diego River 


Santee 300 San Diego River 
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For a given project location, the following factors should be considered in the selection of the appropriate 
rainfall data set.  
 In most cases, the rainfall data set in closest proximity to the project site will be the appropriate choice.  A 


rainfall station map has been posted to the Project Clean Water web site for public use. 
 In some cases, the rainfall data set in closest proximity to the project site may not be the most applicable 


data set.  Such a scenario could involve a data set with an elevation significantly different from the project 
site.  In addition to a simple elevation comparison, the project proponent may also consult with the San 
Diego County’s average annual precipitation isopluvial map, which is provided in the San Diego County 
Hydrology Manual (2003).  Review of this map could provide an initial estimate as to whether the project 
site is in a similar rainfall zone as compared to the rainfall stations.  Generally, precipitation totals in San 
Diego County increase with increasing elevation. 


 Where possible, rainfall data sets should be chosen so that the data set and the project location are both 
located in the same topographic zone (coastal, foothill, mountain) and major watershed unit (Upper San 
Luis Rey, Lower San Luis Rey, Upper San Diego River, Lower San Diego River, etc.). 


Upon implementation of final hydromodification criteria, the hydromodification flow control sizing 
calculator being developed by Brown and Caldwell will automate the rainfall gauge selection process.   


4.4 Rainfall Losses - Infiltration Parameters 
Standards developed as part of this HMP to control runoff peak flows and durations are based on a 
continuous simulation of runoff using locally derived parameters for initial infiltration.  A review was 
conducted of available continuous hydrologic simulation modeling reports in Southern California.  These 
included TMDL models developed for the San Diego RWQCB (RWQCB), regional continuous models 
developed by the Southern California Coastal Water Research Project (SCCWRP), and watershed-level 
continuous models developed for river and large creek systems in Ventura County.  In conducting this 
review, particular interest was focused on determining how local and regional continuous hydrologic models 
simulated the pervious land surface1


The HSPF software package is the industry standard for continuous simulation hydrologic modeling, though 
HEC-HMS and SWMM also provide public domain continuous modeling alternatives.  The Final HMP 
provides the option to use HEC-HMS for a project submittal but only provides infiltration data review for 
HSPF modeling approaches.  Therefore, if a project applicant chooses to use HEC-HMS, prior authorization 
should be provided by the governing municipality. 


 for various combinations of soils and land use types, because this 
component of hydrologic modeling is typically the most variable and difficult to describe.   


 


 


                                                      
1  Characterized by PERLND/PWATER parameters in the EPA’s public domain Hydrologic Simulation Program – 
FORTRAN, HSPF. 







Section 4 Hydromodification Management Plan 
 


 
4-16 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx.  


 
Figure 4-1.  Rainfall Station Map 
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In preparing computer models to assess storm water controls and meet Hydromodification Criteria, rainfall 
loss parameters describing soil characteristics, land cover descriptions, and slope should be validated to prove 
consistency with the local environment and climatic conditions.  The goal, with regard to the San Diego 
HMP, is to develop a set of appropriate parameter ranges to account for variations of these key parameters.  
The final selection of rainfall loss parameters and evaporation data is part of the Sizing Calculator 
development process as part of HMP implementation in winter 2010. 


In addition to the reports listed below, other TMDL reports from San Diego County and elsewhere in 
Southern California were reviewed in Table 4-3.  However, only those reports with a substantial description 
of modeling activities were summarized in the table.   
 


Table 4-3.  Summary of HSPF Modeling Reports for Southern California  
No. Title Authors Date Summary/Comments 


1 


TMDL to Reduce Bacterial 
Indicator Densities at Santa 
Monica Bay Beaches During 
Wet Weather (Preliminary 
Draft) 


Los Angeles 
RWQCB / Tetra 
Tech 


June 21, 2002 


Combination of hydrologic and water quality modeling to 
estimate bacterial loadings to Santa Monica Bay 
HSPF/Loading Simulation Program in C++ (LSPC) model was 
calibrated and validated using stream flow data collected on 
Malibu Creek and Ballona Creek.  (LSPC is a recoded C++ 
version of HSPF) 
No HSPF model parameters included in report  


2 
Technical Report – TMDLs 
for Indicator Bacteria in Baby 
Beach and Shelter Island 
Shoreline Park 


San Diego 
RWQCB / Tetra 
Tech 


June 11, 2008 


Combination of hydrologic and water quality modeling 
HSPF/LSPC model was calibrated to flow data collected in 
Aliso Creek and Rose Creek.  
Calibrated infiltration rates were reported for Natural 
Resources Conservation Survey (NRCS) Group A, B, C, and 
D soils (in Appendix F).  However, it is unclear if these rates 
correspond to specific HSPF model parameters.  
This issue of how to apply the calibrated infiltration rates 
should be addressed through correspondence with study 
authors.   


3 


Evaluating HSPF in an Arid, 
Urbanized Watershed (in 
Journal of the American 
Water Resources 
Association, 2005, p477-486 


Drew Ackerman, 
Kenneth Schiff, 
Stephen 
Weisburg 
(SCCWRP) 


February 2005 


HSPF was used to simulate hydrologic processes in arid 
region, e.g., precipitation on dry soils, effect of irrigation.  
Model was calibrated to gauge data collected in lower reaches 
of Malibu Creek.  The calibration set aggregated the soil and 
land cover variations in the watershed (i.e., spatially “lumped” 
parameters).  
Pervious land surface (PWATER) parameters were included in 
the paper.   


4 
TMDL for Indicator Bacteria 
Project I – Beaches and 
Creeks in the San Diego 
Region 


San Diego 
RWQCB / Tetra 
Tech 


December 12, 
2007 


HSPF/LSPC model parameters were selected from regional 
calibration.  Calibration efforts used daily average stream 
flows as the baseline calibration condition. 
Appendices describe the regional calibration process.  The 
modeling files have been provided by the San Diego RWQCB 


5 


Lake Elsinore and Canyon 
Lake Nutrient Source 
Assessment (Final Report) 
for Santa Ana Watershed 
Project Authority 


Tetra Tech, Inc.  January 2003 


HSPF/LSPC model was calibrated and validated using United 
States Geological Survey (USGS) gauging site data in the San 
Jacinto watershed 
Model simulated pollutant loading to Lake Elsinore and 
Canyon Lake  
Pervious land surface (PWATER) parameters were not 
published in the report.   
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The technical reports listed in Table 4-3 demonstrate that a variety of detailed HSPF modeling studies have 
been conducted in the past 10 years in Southern California.  However, adapting these modeling efforts for 
use on the San Diego HMP project would require additional work.  This is because the reports listed above 
did not publish their HSPF parameter sets, with the exception of the Ackerman study (see No. 3 above), 
which published a set of generalized parameters that aggregate or “spatially lump” the contributions of 
different soil/land use combinations in the upper watershed.  


The HSPF model described in the Ackerman paper simulates all soil and land use combinations using a single 
composite parameter set.  In a follow-on conversation in May 2008, Drew Ackerman explained that the 
“Arid, Urbanized” HSPF model was calibrated only to gauge data in the lower Santa Monica Bay watershed, 
because the model’s purpose was to estimate pollutant loadings to area beaches and water bodies.  His study 
was understandably less focused on characterizing the variation in runoff rates and volumes among the 
different land uses in the upper portions of the watershed.  Additionally, the effect of upstream surface water 
impoundments would have made the development of an accurate, detailed calibration at the sub-catchment 
scale very difficult to achieve.  Unfortunately, this “spatially lumped” parameter set is of limited usefulness for 
the purpose of the HMP project, given the need to develop parameter sets that describe a variety of common 
soil and land use combinations.   


Continuous simulation modeling files associated with the report titled Bacteria Project I – Beaches and Creeks in 
the San Diego Region (February 2009) include infiltration parameter calibrations based upon 15-20 years of 
average daily flows.  Per discussions with Tetra Tech in November 2008 and January 2009, ongoing work 
related to TMDL development for San Diego County lagoons may also prove to be beneficial to the future 
San Diego HMP model parameter estimation effort.  


The consultant team will continue to review additional HSPF studies in preparation for development of a 
hydromodification flow control sizing tool for San Diego County (to be completed in Winter 2010).  The 
consultant team has had discussions with Tony Donigian of Aquaterra, who has prepared numerous HSPF 
models and serves as an EPA-sponsored trainer for HSPF modeling. 


Aquaterra’s HSPF modeling efforts in Southern California have focused on Ventura County.  Aquaterra has 
requested permission from Ventura County to allow the San Diego HMP consultant team to review modeling 
results and input data sets for the Ventura County HSPF modeling efforts. 


To better utilize the existing HPSF models for use in the San Diego HMP project and development of the 
San Diego HMP Sizing Calculator, the consultant team will be conducting the following activities:   
 Contact the authors of the studies listed in Table 4-3 (and others provided by Tetra Tech, Aquaterra and 


SCCWRP) to obtain copies of the HSPF pervious land surface (PERLND/PWATER) parameter sets.  . 
 Relate the HSPF parameters to NRCS soil groups and common land use types.  Develop a range of 


recommended HSPF input parameters that could be used to characterize the range of soil and land use 
types common to San Diego County.   


The following model parameters were published in the Drew Ackerman et al. paper described in Figure 4-2.  
The specific values were selected by calibrating an HSPF model to flow monitoring data in the Santa Monica 
Bay watershed, specifically on Malibu Creek.  The values represent a composite of the various upstream soils 
and land uses.   







Section 4 Hydromodification Management Plan 


 
4-19 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx  


 
Figure 4-2.  Model Parameters Utilized by SCCWRP for Modeling of Santa Monica Bay 


Additional reference material can be located in the document titled, BASINS Technical Notice 6, Estimating 
Hydrology and Hydraulic Parameters for HSPF, prepared by the U.S. EPA (July 2000).  This document provides 
details regarding pervious and impervious land hydrology parameters along with flow routing parameters.  
Parameter and value range summary tables are included in the document. 


4.4.1 Pervious Land Hydrology (PWATER) Parameters 


The HSPF hydrology parameters of PWATER are divided into four sections, titled PARM1-4.  PARM1 is a 
series of checks to outline any monthly variability versus constant parameter values within the simulated 
algorithm; whereas, PARM2 and 3 are a series of climate, geology, topography, and vegetation parameters 
that require numerical values to be inputted.   


PARM2 involves the basic geometry of the overland flow, the impact of groundwater recession, potential 
snow impact due to forest cover and the expected infiltration and soil moisture storage.  The main parameters 
of groundwater recession are KVARY and AGWRC.  The infiltration and soil moisture storage parameters 
are INFILT and LZSN. 


PARM3 involves the impact of climate temperature during active snow conditions, a wide range of 
evaporation parameters due to the variability of the onsite soil and existing vegetation and subsurface losses 
due to groundwater recharge or the existing geology.  The main evaporation parameters are INFEXP, 
INFILD, BASETP, and AGWETP.  The parameter for subsurface loss is DEEPFR which accounts for one 
of only three major losses from the PWATER water balance (i.e., in addition to evaporation, and lateral and 
stream outflows). 


PARM4 involves the flow and hydrograph characteristics, the expectation of rain interception due to the 
inherent moisture storage capacity from existing vegetation, land use and/or near surface soil conditions and 
evaporation due to the root zone of the soil profile.  The main interception parameters are CEPSC and 
UZSN.  The parameter for evaporation as a primary function of vegetation is LZETP. 
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PARM2 


KVARY.  Groundwater recession flow parameter used to describe non-linear groundwater recession rate 
(/inches) (initialize with reported values, then calibrate as needed). 


KVARY is usually one of the last PWATER parameters to be adjusted; it is used when the observed 
groundwater recession demonstrates a seasonal variability with a faster recession (i.e., higher slope and lower 
AGWRC values) during wet periods, and the opposite during dry periods.  Value ranges are shown in Figure 
4-3.  Users should start with a value of 0.0 for KVARY, and then adjust (i.e., increase) if seasonal variations 
are evident.  Plotting daily flows with a logarithmic scale helps to elucidate the slope of the flow recession.  


AGWRC.  Groundwater recession rate, or ratio of current groundwater discharge to that from 24 hours 
earlier (when KVARY is zero) (/day) (estimate, then calibrate). 


The overall watershed recession rate is a complex function of watershed conditions, including climate, 
topography, soils, and land use.  Hydrograph separation techniques can be used to estimate the recession rate 
from observed daily flow data (such as plotting on a logarithmic scale).  Value ranges are shown in Figure 4-3. 


INFILT.  Index to mean soil infiltration rate (in/hr); (estimate, then calibrate). 


In HSPF, INFILT is the parameter that effectively controls the overall division of the available moisture from 
precipitation (after interception) into surface runoff.  Since INFILT is not a maximum rate nor an infiltration 
capacity term, it’s values are normally much less than published infiltration rates, percolation rates (from soil 
percolation tests), or permeability rates from the literature.  In any case, initial values are adjusted in the 
calibration process. 


INFILT is primarily a function of soil characteristics, and value ranges have been related to SCS hydrologic 
soil groups (Donigian and Davis, 1978, p.61, variable INFIL) as follows: 
 


Table 4-4.  INFILT Parameters 


SCS Hydrologic 
Soil Group 


INFILT Estimate 
Runoff Potential 


(in/hr) (mm/hr) 


A 0.4 - 1.0 10.0 - 25.0 Low 
B 0.1 - 0.4 2.5 - 10.0 Moderate 
C 0.05 - 0.1 1.25 - 2.5 Moderate to High 
D 0.01 - 0.05 0.25 - 1.25 High 


An alternate estimation method that has not been validated is derived from the premise that the combination 
of infiltration and interflow in HSPF represents the infiltration commonly modeled in the literature (e.g., 
Viessman et al., 1989, Chapter 4).  With this assumption, the value of 2.0*INFILT*INTFW should 
approximate the average measured soil infiltration rate at saturation, or mean permeability. 


LZSN.  Lower zone nominal soil moisture storage (inches), (estimate, then calibrate). 
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LZSN is related to both precipitation patterns and soil characteristics in the region.  Viessman, et al, 1989, 
provide initial estimates for LZSN in the Stanford Watershed Model (SWM-IV, predecessor model to HSPF) 
as one-quarter of the mean annual rainfall plus four inches for arid and semiarid regions, or one-eighth annual 
mean rainfall plus 4 inches for coastal, humid, or subhumid climates.  These formulae tend to give values 
somewhat higher than are typically seen as final calibrated values; since LZSN will be adjusted through 
calibration, initial estimates obtained through these formulae may be reasonable starting values. 


PARM3 


INFEXP.  Exponent that determines how much a deviation from nominal lower zone storage affects the 
infiltration rate (HSPF Manual, p. 60) (initialize with reported values, then calibrate). 


Variations of the Stanford approach have used a POWER variable for this parameter; various values of 
POWER are included in Donigian and Davis (1978, p. 58).  However, the vast majority of HSPF applications 
have used the default value of 2.0 for this exponent.  Use the default value of 2.0, and adjust only if supported 
by local data and conditions.  


INFILD.  Ratio of maximum and mean soil infiltration capacities (initialize with reported value).  


In the Stanford approach, this parameter has always been set to 2.0, so that the maximum infiltration rate is 
twice the mean (i.e., input) value; when HSPF was developed, the INFILD parameter was included to allow 
investigation of this assumption.  However, there has been very little research to support using a value other 
than 2.0.  Use the default value of 2.0, and adjust only if supported by local data and conditions.  


DEEPFR.  The fraction of infiltrating water which is lost to deep aquifers (i.e., inactive groundwater), with the 
remaining fraction (i.e., 1-DEEPFR) assigned to active groundwater storage that contributes baseflow to the 
stream (estimate, then calibrate). 


It is also used to represent any other losses that may not be measured at the flow gauge used for calibration, 
such as flow around or under the gauge site.  Watershed areas at high elevations, or in the upland portion of 
the watershed, are likely to lose more water to deep groundwater (i.e., groundwater that does not discharge 
within the area of the watershed), than areas at lower elevations or closer to the gauge.  DEEPFR should be 
set to 0.0 initially or estimated based on groundwater studies, and then calibrated, in conjunction with 
adjustments to evapotranspiration (ET) parameters. 


BASETP.  ET by riparian vegetation as active groundwater enters streambed; specified as a fraction of 
potential ET, which is fulfilled only as outflow exists (estimate, then calibrate). 


Typical and possible value ranges are shown in Figure 4-3.  If significant riparian vegetation is present in the 
watershed then non-zero values of BASETP should be used.  If riparian vegetation is significant, start with a 
BASETP value of 0.03 and adjust to obtain a reasonable low-flow simulation in conjunction with a 
satisfactory annual water balance. 


AGWETP.  Fraction of model segment (i.e., pervious land segment) that is subject to direct evaporation from 
groundwater storage, e.g., wetlands or marsh areas, where the groundwater surface is at or near the land 
surface, or in areas with phreatophytic vegetation drawing directly from groundwater.  This is represented in 
the model as the fraction of remaining potential ET (i.e., after base ET, interception ET, and upper zone ET 
are satisfied), that can be met from active groundwater storage (estimate, then calibrate). 
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If wetlands are represented as a separate pervious land segment (PLS), then AGWETP should be 0.0 for all 
other land uses, and a high value (0.3 to 0.7) should be used for the wetlands PLS.  If wetlands are not 
separated out as a PLS, identify the fraction of the model segment that meets the conditions of 
wetlands/marshes or phreatophytic vegetation and use that fraction for an initial value of AGWETP.  Like 
BASETP, adjustments to AGWETP will be visible in changes in the low-flow simulation, and will affect the 
annual water balance.  Follow above guidance for an initial value of AGWETP, and then adjust to obtain a 
reasonable low-flow simulation in conjunction with a satisfactory annual water balance. 


PARM4 


CEPSC.  Amount of rainfall, in inches, which is retained by vegetation, that never reaches the land surface, 
and is eventually evaporated (estimate, then calibrate).  Typical guidance for CEPSC for selected land surfaces is 
provided in Donigian and Davis (1978, p. 54, variable EPXM) as follows: 


 
Table 4-5.  Interception Parameters 


Land Cover Maximum Interception (in) 
Grassland 0.10 
Cropland 0.10 – 0.25 


Forest Cover, light 0.15 
Forest Cover, heavy 0.20 


LZETP.  Index to lower zone evapotranspiration (unitless) (estimate, then calibrate). 


LZETP is a coefficient to define the ET opportunity; it affects evapotranspiration from the lower zone which 
represents the primary soil moisture storage and root zone of the soil profile.  LZETP behaves much like a 
‘crop coefficient’ with values mostly in the range of 0.2 to 0.7; as such it is primarily a function of vegetation.  
Typical and possible value ranges are shown in Figure 4-3, and the following ranges for different vegetation 
are expected for the ‘maximum’ value during the year: 


 
Table 4-6.  LZETP Coefficients 


Land Cover Input Coefficient 
Forest 0.6 - 0.8 


Grassland 0.4 - 0.6 
Row Crops 0.5 - 0.7 


Barren 0.1 - 0.4 
Wetlands 0.6 - 0.9 


 







Section 4 Hydromodification Management Plan 


 
4-23 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx  


 
Figure 4-3.  HSPF Hydrology Parameters and Value Ranges 


Source:  USEPA BASINS Technical Note 6 


Model assumptions for stream reach infiltration rates were derived through calibration based on data 
collected within the reaches of Aliso Creek (11 stations) and Rose Creek (6 stations).  In the model, 
infiltration rates vary by soil type.  Stream infiltration was calibrated by adjusting a single infiltration value, 
which was varied for each soil type by factors established from literature ranges (USEPA 2000) of infiltration 
rates specific to each soil type.  The final resulting infiltration rates were 1.368 in/hr (Soil Group A), 0.698 
in/hr (Soil Group B), 0.209 in/hr (Soil Group C) and 0.084 in/hr (Soil Group D).  The infiltration rates for 
Soil Groups B, C, and D are within the infiltration range given in literature (Wanielisata et al. 1997).  The 
result for Soil Group A is below the range given in Wanielisata et al. (1997); however, this result only 
represented one watershed in this TMDL study. 


The technical reports reviewed demonstrate that a variety of detailed HSPF modeling studies have been 
conducted in the past 10 years in Southern California.  However, adapting these modeling efforts for use on 
the San Diego HMP project will require additional work, which will be completed in association with 
development of the implementation Sizing Calculator.  That effort includes meetings with report authors, 
including representatives from the SCCWRP, as well as meetings with HSPF modeling experts from 
Aquaterra to ascertain appropriate values for initial infiltration parameters.    
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4.5 Rainfall Losses - Evapotranspiration Parameters 
Standards developed as part of this HMP to control runoff peak flows and durations are based on a 
continuous simulation of rainfall runoff using locally derived parameters for evaporation and 
evapotranspiration.  


Known data sources for evaporation and evapotranspiration data in San Diego County are listed below. 
 California Irrigation Management and Information System web site – evapotranspiration stations include 


San Diego, Oceanside, Escondido, Ramona, Otay Lakes, Miramar, Torrey Pines, and Borrego Springs. 
 Historical Reservoir Level and Evaporation Data for Lake Heneshaw. 
 Historical Evaporation Data from City of San Diego Reservoirs. 
 Historical Evaporation Data from Helix Water District for Lake Cuyamaca. 


The evaporation / evapotranspiration parameter validation process includes documentation of the source of 
data and analysis of the effects of varying patterns between the subject site and parameter data source.  A full 
review of local pan evaporation and potential evapotranspiration data is being conducted as part of the 
development of the final hydromodification flow control sizing tool.   


Table 4-6 below summarizes available evaporation and evapotranspiration data sources in San Diego County.  
Most of the available evaporation data are located close to reservoirs in the inland valley and mountain areas 
of the County.  Monthly evaporation records are available for multiple reservoirs within the County.  
Evapotranspiration sensing data are generally collected in agricultural zones. 


The California Irrigation Management Information Systems web site (wwwcimis.water.ca.gov/cimis/data.jsp) 
provides access to real-time and summarized evapotranspiration data (ETo) throughout California.  For the 
San Diego region, average evapotranspiration values are summarized for the coastal and foothill zones of San 
Diego County. 


 
Table 4-7.  Summary of Evaporation and Evapotranspiration Data for San Diego County 


Station Name ID Data Type Data Source Recording 
Frequency Start Date End Date 


Barratt Lake Pan Evaporation City of San Diego 
Water Department Monthly 1950 2008 


Borrego Springs Evapotranspiration CIMIS Monthly 2008 2008 


Chula Vista Pan Evaporation Western Regional 
Climate Center Monthly Averages 1948 2005 


El Capitain 
Reservoir Pan Evaporation City of San Diego 


Water Department Monthly 1950 2008 


Escondido / 74 Evapotranspiration CIMIS Monthly 1988 1998 
Escondido / 153 Evapotranspiration CIMIS Monthly 1999 2008 
Lake Cuyamaca Pan Evaporation Helix Water District Monthly 1985 2006 
Lake Heneshaw Pan Evaporation County of San Diego Daily 1999 2005 
Lake Heneshaw Pan Evaporation County of San Diego Monthly 1957 2008 


Lake Hodges Pan Evaporation City of San Diego 
Water Department Monthly 1950 2008 


Lake Jennings Pan Evaporation Helix Water District Monthly 1985 2006 
Lake Murray Pan Evaporation City of San Diego Monthly 1950 2008 
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Table 4-7.  Summary of Evaporation and Evapotranspiration Data for San Diego County 


Station Name ID Data Type Data Source Recording 
Frequency Start Date End Date 


Water Department 


Lake Sutherland Pan Evaporation City of San Diego 
Water Department Monthly 1954 2008 


Lower Otay 
Reservoir Pan Evaporation City of San Diego 


Water Department Monthly 1950 2008 


Lower Otay / 147 Evapotranspiration CIMIS Monthly 1999 2008 


Miramar Lake Pan Evaporation City of San Diego 
Water Department Monthly 1960 2008 


Miramar Lake / 150 Evapotranspiration CIMIS Monthly 1999 2008 


Morena Lake Pan Evaporation City of San Diego 
Water Department Monthly 1950 2008 


Oceanside / 49 Evapotranspiration CIMIS Monthly 1986 2003 
Ramona / 98 Evapotranspiration CIMIS Monthly 1991 1998 


San Diego / 45 Evapotranspiration CIMIS Monthly 1985 1989 
San Diego / 66 Evapotranspiration CIMIS Monthly 1989 2001 


San Diego II / 184 Evapotranspiration CIMIS Monthly 2002 2008 
San Vicente 
Reservoir Pan Evaporation City of San Diego 


Water Department Monthly 1950 2008 


Torrey Pines / 173 Evapotranspiration CIMIS Monthly 2000 2008 


Long-term evaporation / evapotranspiration data sets are being generated to correspond with long-term 
rainfall records.  The final selection of rainfall loss parameters and evaporation data is part of the Sizing 
Calculator development process. 


In summary, the published literature reviewed as part of this study support the methods and approach taken 
in developing the San Diego Hydromodification Management Plan. 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


5 .  M E T H O D O L O G Y  A N D  T E C H N I C A L  A P P R O A C H  T O  R E G I O N A L  
H Y D R O M O D I F I C A T I O N  D E V E L O P M E N T  


As outlined in Permit Section D.1, the San Diego Copermittees shall implement a program to manage 
increases in runoff discharge rates and durations from Priority Development Projects that are likely to cause 
increases to erosion of channel beds or banks, silt pollutant generation, or other impacts to beneficial uses 
and stream habitat due to increased erosive force.  This section provides a detailed description of the 
methodology and approach used in the development of the HMP (Permit Section D.1.g(1)).  Section 5.1 
specifically focuses on the approach taken to identify the geomorphically significant flow range, Section 5.2 
focuses on channel screening tools developed in association with this HMP, and Section 5.3 discusses 
cumulative watershed impacts. 


5.1 Flow Control Limit Determination 


5.1.1 Background 


The purpose of the HMP is to identify guidelines for managing ‘geomorphically-significant’ flows that, if not 
controlled, would cause increased erosion in receiving water channels.  Specifically, the HMP must identify 
low and high flow thresholds between which flows should be controlled so that the post-project flow rates 
and durations do not exceed pre-project levels between these two flow magnitudes.  Specifically, the Board 
Order requires that the HMP shall: 


Utilize continuous simulation of the entire rainfall record to identify a range of runoff flow1


For the purposes of this project, ‘hydrograph modification’ or ‘hydromodification’ is understood to mean 
changes to the frequency, duration and magnitude of surface runoff that, when unmitigated, cause an increase 
in erosion of the receiving water body.  Hydromodification occurs when urbanization replaces areas of 
vegetated, uncompacted soil with impermeable surfaces such as buildings, roads, and compacted fill.  The 
reduction in permeability results in increased volumes of runoff, and faster and more concentrated delivery of 
this water to receiving waters.  These changes have the potential to cause creeks to erode faster than before 
development.  Although the focus of hydromodification management plans has been on increased erosion, it 
should be noted that in rivers that are depositional, hydromodification can cause creeks to regain some 


 
for which Priority Development Project post-project runoff flow rates and durations shall 
not exceed pre-project runoff flow rates and durations, where the increased flow rates and 
durations will result in increased potential for erosion or other significant adverse impacts to 
beneficial uses, attributable to changes in the flow rates and durations.  The lower boundary 
of the range of runoff flows identify shall correspond with the critical channel flow that 
produces the critical shear stress that initiates channel bed movement or that erodes the toe 
of channel banks.  The identified range of runoff flows may be different for specific 
watersheds, channels or channel reaches. 


                                                      
1 The identified range of runoff flows to be controlled should be expressed in terms of peak flow rates of rainfall events, 
such as “10% of the pre-project 2-year peak flow up to the pre-project 10-year peak flow.” 
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transport equilibrium.  This phenomenon is the basis for providing exemptions for river reaches which are 
aggrading (depositional). 


Stream flows are often expressed in terms of the frequency with which a particular flow occurs.  For example, 
Q2 refers to the flow rate that occurs once every two years, on average over the long term runoff record.  
Flow frequencies are a function of rainfall and watershed characteristics, and are unique to each stream 
channel (and location along the channel).  The effects of urbanization tend to increase the magnitude of the 
flow associated with a given frequency (e.g., post-development Q2. is higher than pre-development Q2.).  
Similarly, urbanization tends to increase the frequency with which any given flow rate occurs.  The purpose of 
the HMP is to control runoff from new developments so that flow magnitudes and frequencies match pre-
development conditions within a critical range of flows. 


Not all runoff causes erosion. Runoff in receiving channels below a critical discharge (Qcrit) does not exert 
sufficient force to overcome the erosion resistance of the channel banks and bed materials.  Flows greater 
than Qcrit cause erosion, with larger flows causing proportionally greater erosion.  It has been determined 
through calculations and field measurements that most erosion in natural creeks is caused by flows between 
some fraction of Q2 and Q10. Flows in this range are referred to as ‘geomorphically-significant’ because they 
cause the majority of erosion and sediment transport in a channel system.  


Flows greater than Q10, though highly erosive per event, occur too infrequently to do as much work as smaller 
but more frequent flows.  Hydromodification also has less impact on flows greater than Q10 since at such 
high rainfall intensities, the soil becomes saturated and the infiltration capacity of undeveloped landscapes is 
rapidly exceeded.  When the soil is saturated, runoff rates become more similar to those from impervious 
surfaces.  For these reasons, HMPs have focused on identifying a low flow threshold that is close to Qcrit for 
most receiving channels, and controlling flows between that value and Q10 (see Literature Review in 
Chapter 4 for review of HMPs completed in Santa Clara, Contra Costa, Alameda, and San Mateo Counties).  
By requiring mitigation (storage and either infiltration or detention) of excess runoff within the control range, 
and by limiting the release of excess water to Qcrit or less, HMPs seek to prevent additional erosion in 
receiving water channels.  


5.1.2 Identifying a Low Flow Threshold 
Erosion occurs when the shear stress exerted on the channel by flowing water (boundary shear stress) exceeds 
the resistance of the channel (critical shear stress).  Critical shear stress varies by several orders of magnitude for 
different channel materials (Figure 5-1).  Critical flow (Qcrit) is the channel flow which produces boundary 
shear stress equal to the critical shear stress for a given channel.  In other words, critical flow is the flow rate 
that can initiate erosion in a channel.  Qcrit is a function not only of the critical shear stress of the channel 
materials, but also channel size and channel geometry.  A particular flow rate (expressed as a number of cubic 
feet per second) in a small, steep, confined channel will create more shear stress than the identical flow rate in 
a large, flat, wide open channel.  Thus, Qcrit can be extremely variable depending on channel and watershed 
characteristics and will be different in each channel, and in each watershed. 
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Figure 5-1.  Range of Critical Shear Stresses (τcr) for Different Materials  (from Fischenich) 


It was the original intent of the HMP consulting team to identify a single low flow threshold for the entire 
County (per previous HMPs).  However, an extensive assessment of channel and runoff conditions led the 
team to conclude that there was a very wide range in critical flows, based largely on channel material but also 
on channel dimensions, rainfall, and watershed area.  Adopting a single standard that is conservative for the 
most vulnerable channels would result in controls that were excessively conservative for more resilient 
channels, while adopting an ‘average’ value would leave some channels unprotected.  


Because of this natural variability, the team pursued an analytical approach for estimating Qcrit as a function 
of parameters such as channel materials, channel dimensions, and watershed area.  Because the low flow 
standard is required to correspond to Qcrit (Order No.  R9-2007-0001), this approach allows the low flow 
standard to be customized for local conditions.  The following sections describe an analysis of Qcrit as a 
fraction of Q2 for the range of channel conditions in San Diego County.  This is followed by a description of 
a calculator tool that may be used to calculate Qcrit for a specific channel based on parameters that may be 
readily measured in the field.  The analyses described in this report provide background for the selection of 
low flow thresholds identified in the HMP. 
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5.1.3 Critical Flow Analysis 


The low flow thresholds were calculated by conducting a sensitivity analysis in which a wide range of channel 
sizes and geometries, rainfalls, watershed areas and channel materials were modeled in a flow-erosion model 
to identify Qcrit as a function of Q2. In all, 170 combinations of channel, rainfall, and watershed conditions 
were assessed.  Based on the results of this sensitivity analysis, a series of low flow thresholds was identified. 


The steps used to conduct the sensitivity analysis and determine the recommended flow thresholds were as 
follows: 
1. Identify the typical range of rainfall conditions for the HMP area (western San Diego County). 
2. Identify the range of typical watershed areas likely to be developed.  
3. Identify a range of typical receiving channel dimensions for each watershed area. 
4. Identify a range of typical channel materials for receiving channels. 
5. Simulate a range of flows and develop rating curves (relationships between discharge and boundary 


shear stress). 
6. Identify the flow rate at which boundary shear stress exceeds critical shear stress for the channel 


and material. 
7. Express this flow rate as a function of Q2. 
8. Group critical flow rates by channel materials and identify appropriate low flow thresholds for each 


channel material type. 


Steps 1 through 4 were used to define the range of parameters to use in the sensitivity testing.  The intent was 
to identify a typical range of conditions likely to occur in the HMP area (western San Diego county), rather 
than provide an exhaustive description of possible watershed and channel conditions.  Sensitivity testing on 
many combinations of parameters within this typical range allows identification of the range of channel 
responses and appropriate flow thresholds.  


Each step in the critical flow analysis is explained in detail in the following sections. 


Identify the Typical Range Of Rainfall Conditions for the HMP Area (West San Diego 
County) 


Mean annual rainfall was used to estimate receiving channel size, Q2, Q5 and Q10 (methods described in 
subsequent sections).  Figure 5-2 shows mean annual rainfall for San Diego County.  Based on the map, three 
mean annual rainfalls were selected to represent the range of rainfall conditions for the simulations: 10-inch, 
20-inch, and 30-inch. 


Identify the Range of Typical Watershed Areas Likely to be Developed 


Based on discussions with the TAC, a range of representative watershed areas for development projects was 
identified.  These were: 0.1 sq mi, 0.5 sq mi, 1 sq mi, and 2 sq mi.  The consultant team assumed that in 
project watersheds larger than 2 sq mi the development would either require site specific continuous 
simulation modeling, or would be broken into multiple smaller sub watersheds with individual points 
of  compliance.  
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Figure 5-2.  Rainfall Distribution in San Diego County  


Identify a Range of Typical Receiving Channel Dimensions for Each Watershed Area 


Empirical relationships have been developed to express channel dimensions (width, depth and, to a lesser 
extent, gradient) as a function of dominant discharge.  Dominant discharge for a creek channel is the flow 
rate that transports the majority of sediment and creates/maintains the characteristic size and shape of the 
channel over time.  Dominant discharge may also be referred to as bankfull flow.  For undeveloped channels 
in semi arid parts of the US, dominant discharge is approximately equivalent to Q5.  For example, Coleman 
et al. (2005) found dominant discharge for streams in Southern California to average Q3.5 (range = Q2.1 – 
Q6.7).  Goodwin (1998) found dominant discharge to vary from Q2 to Q10 for semi arid regions.  


To capture natural variability in channel geometry, three different empirical channel geometry relationships 
were used to estimate receiving channel dimensions for the range of watershed areas and rainfall 
characteristics used in this study.  The relationships were:  


Coleman et al. 2005 (modified by Stein – personal communication) – derived from undeveloped channels in 
Southern California, tends to predict narrow, deep, steep dimensions. 


Width (ft) = 0.6012 * Qbf0.6875 


Depth (ft) = 0.3854 * Qbf0.3652  


Where Qbf is in cfs. 
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Parker et al. 2007 – suitable for gravel channels, tends to predict wide, shallow, flat braided dimensions. 


Width (m) = 4.63 * (Qbf2/5) / (9.811/5) * (Qbf / Sqrt (9.81 * d50) * d502))0.0667 
Depth (m) = 0.382*((Qbf2/5)/(9.811/5))) 


Where Qbf is bankfull discharge in m3/sec and d50 (diameter of median channel material) is in m. 


The Parker equation was only used to assess gravel and cobble channel conditions. 


Hey and Thorne 1986 tends to predict medium width, depth, and gradient channels. 


Width (m) = 2.73*Qbf0.5 


Depth (m) = 0.22 * Width0.37 * d50-0.11 


Where Qbf is in m3/sec and d50 is in m. 


(Note that original combinations of English and metric units described in the source papers were used rather than standardized 
these equations in one set of measurements.) 


The three equations cover a wide range of likely field conditions, from deeply incised channels (Coleman et al. 
2005) to wide, braided conditions (Parker 2007).  Note that for the sensitivity analysis we set d50 in the 
Parker et al equation to the d50 of the channel material being tested, and did not use the equation for channels 
where the material was sand or silt.  


The equations produce estimations of width and depth.  To estimate a slope for each combination of channel 
dimensions, the velocity associated with each cross section was calculated (by dividing discharge by width 
multiplied by depth) and then the slope was calculated that corresponded with that velocity using Manning’s 
equation. 


Velocity (ft/sec) = 1.486 HR0.67 * s0.5 


 n 


Where HR is channel hydraulic radius, s is slope, and n is Manning’s roughness coefficient (see definitions).   


For the purposes of the sensitivity analysis, a value of n of 0.035 was assumed, corresponding to a non 
vegetated, straight channel with no riffles and pools.  This is a reflection of the small, ephemeral receiving 
channels which are most prevalent in Southern California developments.  A relatively low value was used at 
the request of the San Diego RWQCB so that the values erred on the conservative side.  Some members of 
the TAC considered the value of n to be too conservative. 


These equations all require a value for bankfull discharge.  Bankfull discharge (assumed to be approximately 
Q5) was estimated using the USGS regional regression for undeveloped watersheds in the South Coast region 
(Waananen and Crippen 1977).  This equation calculates Q5 as a function of watershed area and mean annual 
precipitation, based on empirical observations of USGS gauges.  The relationship is: 


Q5 (cfs) =  0.4 * Watershed Area0.77 * Mean Annual Precipitation1.69 


Where watershed area is in square miles and precipitation is in inches. 
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For each combination of typical watershed area and mean annual rainfall, Q5 was calculated using the USGS 
regression equation, then three sets of channel dimensions were calculated based on the three channel 
equations.  This provided the range of channel conditions to simulate for the critical flow analysis.  The total 
number of channel conditions was as follows: 


3 rainfalls (10, 20, 30 inches per year)  
4 watershed areas (0.1, 0.5, 1, 2 square miles) 
3 channel width, depth, and slope combinations (narrow/deep, medium, wide/shallow)  
= 36 combinations of receiving channel geometry 


Identify a Range of Typical Channel Materials for Receiving Channels 


The consultant team identified a range of typical channel materials based on feedback from the TAC and 
experience gained working in San Diego County.  The identified materials are not intended as a 
comprehensive list of possible channel materials, but to cover the range of critical shear stresses likely to be 
encountered in typical western San Diego County channels.  The identified range is as follows: 
 


Table 5-1.  Critical Shear Stress Range in San Diego County Channels 


Material Critical Shear Stress (lb/sq ft) 


Coarse Unconsolidated Sand 0.01 
Alluvial Silt (Non Colloidal) 0.045 


Medium gravel 0.12 
Alluvial silt/clay 0.26 
2.5 inch cobble 1.1 


Combining the five channel material types (coarse unconsolidated sand, alluvial silt, medium gravel, alluvial 
silt/clay, and 2.5 inch cobble) with the 36 combinations of channel geometry produces 180 potential 
combinations of receiving channel characteristics.  Ten sets of combinations were omitted from the analysis 
because they produced physically unrealistic conditions, such as slopes that were too steep to be developed.  
Exclusion of these results did not significantly affect the overall results. 


Develop Shear Stress Rating Curves 


Rating curves for the 36 different combinations of receiving channel characteristics were developed using the 
same Excel worksheet that forms the basis for the Qcrit calculator developed for Track 2 (described in later 
sections).  Using channel cross section, roughness, and gradient input by the user, the tool calculates the 
average boundary shear stress associated with a range of different flow depths to construct a rating curve 
(discharge on the x axis versus shear stress on the y axis).  It then identifies the flow rate where average 
boundary shear stress equals critical shear stress for the channel materials.  This is the critical flow (Qcrit).  By 
dividing this number by Q2, we identify the low flow threshold for each simulation as a function of Q2.  (e.g., 
0.1Q2 where the critical flow is one tenth of the Q2 flow).  


The tool calculates a shear stress rating curve for a range of flows between 1 and 100 percent of the bankfull 
flow depth.  Bankfull flow depth is defined as the flow depth that corresponds to the dominant discharge for 
a given channel.  The range 1 to 100 percent of bankfull is used because critical flow rarely falls outside these 
values.  The tool then calculates a power function between the points to allow for interpolation.  For each of 
the depths, the tool calculates discharge and average boundary shear stress exerted on the bed, as 
described below. 
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Calculating Average Boundary Shear Stress 


Average boundary shear stress is the force that flowing water exerts on channel materials.  For a given 
channel cross-section, it is calculated as follows: 


τb =  γ * HR * s 


where  τb  =  average boundary shear stress (lb/ft2) 


γ =  unit weight water (62.4 lb/ft3) 


HR =  Hydraulic radius (cross section area / wetted perimeter) 


s =  channel slope (ft/ft) 


For each depth increment between 1 and 100 percent of bankfull, cross section area, wetted perimeter, HR 
and τb are calculated.  Slope is a constant for the cross section.  These calculations produce a rating curve for 
boundary shear as a function of flow depth.  


Calculating Discharge 


This step converts flow depth to flow rate (Q) so that the rating curve may be expressed as a function of Q.  
For each depth increment between 1 and 100 percent of bankfull, the flow rate is calculated using 
Manning’s equation: 


Velocity (ft/sec) = 1.486  HR0.67 * s0.5 


                                                            n 


where V = velocity (ft/sec) 


 n = Manning’s roughness coefficient 


 HR = hydraulic radius (ft)  


For the sensitivity analysis, Manning’s n was assumed to be 0.035, which is typical for a non-vegetated 
ephemeral channel.  This assumption was made because most developments covered by the HMP would 
discharge to receiving channels relatively high in the watershed and with little summer flow.  Interim 
sensitivity analysis found that relative to other factors such as critical shear stress, the range of roughness 
factors found in receiving channels had little effect on the estimated critical shear flow rate.  


Discharge is calculated as velocity multiplied by cross section area (calculated for each cross section).  The 
result of these calculations is a rating curve showing boundary shear stress for the receiving channel as a 
function of discharge, with the highest point representing bankfull depth (see Figure 5-3 below).  Rating 
curves were created for each of the 36 combinations of channel characteristics. 
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Figure 5-3.  Shear Stress Rating Curve for an Example Channel (0.6%, 14 Feet Wide, 1.3 Feet Deep). 


These curves were created for 36 different combinations of channel characteristics. 


 


Identify Critical Flow for the Channel and Material 


Qcrit is the flow rate at which boundary shear stress equals critical shear stress.  A power function 
interpolates the discharge versus boundary shear stress rating curve, to allow calculation of an intercept 
between the rating curve and critical shear stress.  The critical shear stress for each channel material was 
plotted horizontally from the Y axis until it intercepted the rating curve.  The intercept point was extended 
vertically to the X axis, showing the Qcrit (Figure 5-4).  In this way, Qcrit was calculated for each of the five 
channel materials using each of the 36 rating curves representing different channel dimensions.  As 
mentioned above, 10 combinations unlikely to occur in nature were eliminated, resulting in a total of 170 
Qcrit calculations.   
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Figure 5-4.  Example of a Rating Curve with Critical Shear Stress for Medium Sized Gravel. 


 In this example critical shear stress = 0.12 lb/sq ft and critical flow Qcrit = 6.4 cfs.  


 


Express Critical Flow as a Function of Q2 


As described above, each rating curve represents a particular combination of watershed area and channel 
dimensions.  Q2 was calculated for each combination using the USGS regional regression for Q2 as described 
above.  By dividing the calculated Qcrit by the appropriate Q2, Qcrit as a proportion of Q2 was calculated for 
the 170 scenarios.  These Qcrits were then plotted by material type, showing mean and one standard 
deviation either side of the mean.  Note that although Q5 is assumed as bankfull discharge, critical flow is 
expressed as a function of Q2 as has become standard for HMPs. 


The results show the high degree of variability in Qcrit based on different channel materials.  It is important 
to note that in field conditions many of the most extreme cases (examples with very high or very low 
thresholds) would tend to evolve to conditions that yielded critical flows closer to the bankfull discharge 
because channels have a tendency to self equilibrate.  For example, channels with materials that have very low 
critical flows such as unconsolidated sand tend to erode and either flatten (lowering shear stress, and so 
increasing critical flow rate) or armor (increasing flow resistance, and increasing critical flow rate).  Likewise, 
channels with materials that have very high thresholds tend to either become steeper due to deposition 
(increasing shear stress and lowering critical flow rate) or fill in with finer material (reducing resistance and 
lowering critical flow rate). 
  


Bankfull 


Qcrit 
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As the results of this analysis demonstrate, critical flow is extremely variable among channel materials and, for 
a given channel material, can vary significantly with channel configuration (slope, width/depth ratio etc.).  
Unconsolidated fine sediments can be mobilized by extremely low flows in the absence of clays or other 
consolidating elements with the structure of the channel.  This result is based on literature values for critical 
shear stress for unconsolidated materials and may not be realistic for natural channels.  Therefore in setting 
flow thresholds this result should be balanced with the recognition that natural channels are likely to include 
some consolidating fraction within their structure, as well as practical considerations associated with 
controlling trickle flows that represent the smaller fractions of Q2 analyzed in this study. 


5.1.4 Tool for Calculating Site-Specific Critical Flow 


Background 


The consultant team developed a tool for calculating a site-specific low flow threshold based on local 
conditions.  The low flow threshold is based on Qcrit for the receiving channel, which is calculated based on 
channel geometry (width, depth, and gradient), channel materials, and watershed area.  


The approach taken was to develop an Excel spreadsheet model to calculate the boundary shear stress 
associated with a range of flows up to Q5 for a given channel width, depth and slope, then plot the critical 
shear stress for the channel material on this rating curve over to identify the flow where boundary shear stress 
equals critical shear stress.  


The development steps were as follows: 
1. Develop simplified channel cross section and gradient inputs 
2. Calculate a shear stress rating curve  
3. Characterize channel materials in terms of critical shear stress 
4. Plot critical shear stress of the receiving channel on the rating curve to determine Qcrit 
5. Divide the critical low flow by the project area as a proportion of the receiving water watershed area to 


determine the allowable flow at the point of compliance 


Simplified Channel Cross Section and Gradient Inputs 


The tool generates a flow rating curve based on user inputs describing the receiving channel dimensions 
(cross section) and gradient.  The first step in developing the tool was to create a template for inputting the 
required channel parameters.  The template assumes a simple trapezoidal cross section, with the following 
elements: 
1. Channel width at a well defined break point corresponding to top of bank (a) 
2. Channel width at the toe of the bank (b) 
3. Channel depth (elevation difference between bank top and channel bed) (c) 


Assumptions: 
1. Receiving channels can be reasonably represented by a simple trapezoidal cross section 
2. The top of bank corresponds reasonably to the level inundated by the dominant discharge (approximately 


equal to Q5) 


If top of bank is much higher than the dominant discharge flow depth (e.g. in an incised channel) the 
applicant should adjust the cross section to represent the lower part of the channel so that depth (c) 
corresponds approximately to the Q5 depth.  
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Figure 5-5.  Bankfull Cross Section 


Develop a Shear Stress Rating Curve 


The tool creates a shear stress rating curve for a range of flows between 1 percent of the bankfull flow depth 
and bankfull depth [flow at depth (c)]. The range 1 to 100 percent of bankfull is used because critical flow 
rarely lies outside these values.  The tool then calculates average boundary shear stress and discharge as 
previously described in section 5.1.3. 


Characterize Receiving Channel Materials in Terms of Critical Shear Stress 


The critical shear stress of the channel materials is estimated using a look-up table based on values published 
by the U.S. Army Corps of Engineers (Fischenich).  The tool provides values of critical shear stress for a wide 
range of channel materials in a drop down box so the user can select from the list.  The calculator also allows 
the user to input a vegetated channel material when this is appropriate (when the channel is completely lined 
in vegetation). 


Calculating Critical Flow for the Receiving Water 


Critical flow is the discharge at which boundary shear stress equals critical shear stress.  The tool uses a power 
function to interpolate the discharge versus boundary shear stress rating curve.  The critical shear stress for 
the weaker of the bed or banks is plotted horizontally from the Y axis until it intercepts the rating curve.  The 
intercept point is extended vertically to the X axis, showing the critical flow (see Figure 5-4).  This represents 
the low flow threshold for the receiving water.  This value is compared to the 2-year flow in the channel to 
determine the allowable release rate from BMP facilities, expressed as a fraction of the 2-year flow (0.1, 0.3,  
or 0.5Q2). 


Calculating Critical Flow for the Point of Compliance 


The tool calculates critical flow based on the characteristics of the receiving water.  Where the project 
watershed does not make up the entire watershed area for the receiving water, the low flow threshold can be 
prorated based on the percentage of the watershed that is occupied by the project site2


                                                      
2. It is not necessary to adjust the “off-the-shelf” thresholds developed for Track 1 for point of compliance, since they 
are expressed as a fraction of Q2 for the relevant project area.  


.  For example, if a 
project occupies one tenth of the receiving water’s watershed at the point of compliance and the critical flow 


a


b


c
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level is 50 cfs, the project’s ‘share’ of the non-erosive flow is 5 cfs (50 x 1/10).  This prevents the cumulative 
impact of future developments from exceeding critical flow in the receiving water, since the critical flow is 
apportioned according to watershed area.  


Critical flow at   =  Critical Flow at Receiving Water  x  Project Area 
Point of Compliance          Watershed Area 


The critical flow at the point of compliance is the low flow threshold for the project draining to this point. 


Conversion of Critical Flow to Flow Class 


To avoid having an infinite range of flow control standards, the calculator assigns the discharge into one of 
three classes based on its value as a function of the estimated Q2.  These classes are: 0.1Q2, 0.3Q2, 0.5Q2.  For 
example, a channel where the critical flow is 0.15Q2 would be assigned a flow threshold of 0.1Q2.  Channels 
with critical flows less than 0.1Q2 are assigned to the 0.1Q2 class.  The class flow rate is calculated (i.e. the 
critical flow corresponding to the assigned fraction of Q2) and expressed as the final output of the tool. 


5.1.5 Third Party Review 


West Consultants conducted an in-depth, independent third-party review of the preliminary flow threshold 
analysis in December 2008.  The following list presents a summary of the third-party review. 
 Concern was noted regarding the lower flow control limit suggested by the modeling results (10 percent of 


the 2-year runoff event), especially with regard to implementation practicality and its derivation based 
solely on sediment movement. 


 The review noted that literature suggests standard hydrologic design practices may be inadequate for 
characterizing cumulative effects of urbanization for flow events more frequent than the 2-year runoff 
event – specifically with regard to sediment transport and channel disturbance potential. 


 The review questioned the use of a specific frequency discharge as an indicator of shear stress to move 
particles given the variability of other site-specific parameters such as grain size, slope, roughness, and 
channel shape. 


 The review suggested that hydraulic and sediment transport results should be supplemented with actual 
field data (slope, sediment properties, roughness, and channel shape) to set thresholds (flows, shear 
stresses, or velocities). 


 Concern was noted regarding the use of a single and conservative uniform size for sediment grain sizes.  
The use of a distribution of sediment grain sizes was recommended. 


PWA agreed with the recommendation that additional field data (channel dimensions and slope, and sediment 
size distribution) is desirable both to verify receiving channel conditions and to make direct measurements of 
critical shear stress.  Efforts were made to pursue the former data, but it was not possible to obtain field 
permission in time to meet the project deadlines.  As the third-party review notes, any revised lower flow 
threshold calculated using field data is as likely to decrease as increase.  


Subsequent to the preliminary flow threshold analysis, PWA ran sediment transport models using a 
distribution of grain sizes (rather than a single uniform size) for two channel configurations.  The results of 
this limited sensitivity test (see discussion below titled “Summary of Sensitivity Analysis”) did not show a 
consistent trend toward more or less erosion. 


For more detailed information regarding West Consultants’ independent third-party review, refer to the 
memo titled Review of Hydromodification Work by Phillip Williams and Associates (PWA), prepared by West 
Consultants and dated December 19, 2008 (Appendix D).   
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5.1.6 Summary of Sensitivity Analysis 


Subsequent to the preliminary flow threshold analysis, the Copermittees requested that a sensitivity analysis 
be conducted based on historical rainfall records in the vicinity of the test watershed sites.  The purpose  
of the sensitivity analysis based on the revised rainfall input data is described below.  There were two 
potential concerns associated with the use of the hydrologic analysis developed in the preliminary flow 
threshold analysis. 
 First, the analysis used a single rainfall time series (Lindbergh Field) for all simulations.  Rainfall records 


for other areas were synthesized by taking the difference in mean annual rainfall between a nearby rain 
gauge and developing a linear adjustment for the Lindbergh series (e.g., if the test site’s mean annual 
rainfall is 15 percent greater than the mean annual rainfall at Lindbergh, then 15 percent is added to all 
hourly rainfalls).  The preliminary flow threshold analysis used this scaled data approach since other data 
were not available at the time of the initial analysis.  Long-term rainfall data for 20 gauges throughout San 
Diego County have subsequently been prepared and are thus more relevant to the test simulations 
performed for this study.  A test hydrologic analysis showed significant hydrologic response differences 
between the historical rainfall record for Lower Otay Reservoir and the scaled data from Lindbergh Field. 


 Second, the preliminary flow threshold analysis used an “annual peak” method to calculate the rainfall 
recurrence interval, rather than a partial duration series method.  The two methods result in significantly 
different predictions of the two year runoff event (Q2.).  From discussions with rainfall statistical experts 
at the Hydrologic Research Center, it has been determined that the partial duration series is a more 
applicable rainfall series for the semi-arid climate in San Diego County.  Partial duration flow statistics 
have been prepared and the test hydrologic analysis showed significant hydrologic response differences 
between the partial duration series and annual peak series methods. 


There is significant variability in the HEC-RAS modeling results for the different channel and sediment 
scenarios, as reflected in the results of the preliminary flow threshold analyses.  Therefore, it is important to 
focus on the general trends reflected in the sensitivity analysis results rather than the specific numerical 
results.  As such, the sensitivity analysis modeling results confirm that the selection of rainfall data, flow 
frequency methodology, and sediment size distribution do affect the results of the flow control analysis.  
However, the cumulative effect of these changes did not affect the consultant’s preliminary conclusion that a 
singular countywide lower flow threshold limit would converge on 10 percent of the 2-year runoff event. 


For more detailed information regarding the PWA sensitivity analysis based on revised rainfall data, refer to 
the memo titled Sensitivity of Changing Rainfall Series and Analysis on Erosion Threshold, prepared by PWA and 
dated December 29, 2009 (Appendix A). 


5.2 Categorization of Streams 
Information for this section was prepared in association with a concurrent hydromodification study by the 
SCCWRP.  As discussed with the San Diego RWQCB staff, results of the SCCWRP study have been included 
in the San Diego HMP to comply with the following Permit Order requirement. 
 Identification of geomorphic standards for channel segments receiving storm water discharges from 


Priority Projects (Permit Section D.1.g.(1)(a) and (m)).  The purpose of these standards is to maintain or 
improve channel stability. 


The SCCWRP study, which is being conducted for the entire Southern California region between Ventura 
and San Diego Counties, was originally funded by a Prop 50 grant.  Because of funding issues that required a 
work stoppage in late 2008, the County of San Diego has provided funding to SCCWRP to continue its work 
and meet deadlines required for the San Diego HMP submittal timeline.  The overall SCCWRP study 
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approach is summarized in the document titled, “Stream Channel Mapping and Classification Systems: Implications for 
Assessing Susceptibility to Hydromodification Effects in Southern California,” SCCWRP Technical Report 562, April 2008. 


Screening tools, prepared by SCCWRP to identify channel susceptibility to hydromodification impacts, are 
now available in 2009 on a testing basis.  Such tools include the following:   
 A tiered, hierarchical approach for channel erosion susceptibility evaluation of multiple channel types.  


This approach includes determination of a vertical channel stability analysis (including transportability of 
channel bed material) and a lateral channel stability analysis (including potential erodibility of channel 
banks and subsequent channel migration).  These rapid assessment tools provide a preliminary rating of 
stream susceptibility to erosion (Very High, High, Medium, or Low) and are provided for a variety of 
geomorphic scenarios including alluvial fans, broad valley bottoms, incised headwater channels, etc. 


Eventually, SCCWRP tools will be expanded to help quantify the effect of a proposed project on the 
receiving stream’s susceptibility to erosion, based upon factors such as size of the project, impervious 
footprint, location of the project within the watershed, and stability of the receiving water body. 


Development of HMPs in most Southern California counties is correlated to the ultimate findings of the 
SCCWRP study, which was originally scheduled for release in March 2010.  Though individual regions and 
municipalities would not be tied to acceptance of the SCCWRP results, it is generally acknowledged that 
SCCWRP’s formulation of regional standards for hydromodification management will serve as a solid 
baseline for development of HMPs for specific regions in Southern California. 


For implementation with the San Diego HMP, the SCCWRP screening tools will be used in association with 
the decision matrix to determine the appropriate level of mitigation required for a particular project.  Where 
receiving streams have a high susceptibility to erosion, then more restrictive mitigation solutions will be 
required as compared to receiving streams with a low susceptibility to erosion.   


The full lateral and vertical susceptibility decision matrices are included on Pages 4 and 5 of the overall HMP 
Decision Matrix, located in Chapter 6 of this HMP.  Page 3 of the HMP Decision Matrix includes 
recommendations regarding the appropriate lower flow threshold, based upon the SCCWRP susceptibility 
analysis as well as the critical flow calculator result.   


Channel screening tools will assess the domain of analysis from a proposed project.  The domain of analysis 
is defined as the reach lengths upstream and downstream from a project for which hydromodification 
assessment is required.  The domain of analysis determination includes an assessment of the incremental flow 
accumulations downstream of the site, identification of hard points in the downstream conveyance system, 
and quantification of downstream tributary influences. 


The effects of hydromodification may propagate for significant distances downstream (and sometimes 
upstream) from a point of impact such as a stormwater outfall.  Accordingly, it may be necessary to conduct 
geomorphic screening reconnaissance across a domain spanning multiple channel types/settings and 
property owners.  


For purposes of this HMP, the extents of the domain of analysis are defined as follows:  
 Proceed downstream until reaching one of the following:  


• At least one reach downstream of the first grade-control point (preferably second downstream grade 
control location)  


• Tidal backwater/lentic (still water) waterbody  
• Equal order tributary (Strahler 1952) 
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• Accumulation of 50 percent drainage area for stream systems (note that SCCWRP is still determining 
specific flow accumulation percentage)  


• Accumulation of 100 percent drainage area for urban conveyance systems (storm drains, hardened 
channels, etc.) 


OR demonstrate sufficient flow attenuation through existing hydrologic modeling. 
 Proceed upstream for 20 channel top widths OR to the first grade control point, whichever comes first. 


Identify hard points that can check headward migration and evidence of active headcutting.  


If the screening analysis is conducted on a project-specific basis, there may be instances in which a high 
susceptibility rating is obtained at the first point of field observation.  In these cases, it may be sufficient to 
limit the analysis to the point/property of impact.  


The SCCWRP screening tools, as well as details to determine the domain of analysis, are provided in 
Appendix B. 


5.3 Cumulative Watershed Impacts 
California Environmental Quality Act (CEQA) Guidelines §15065 mandate a finding that a project has a 
significant effect on the environment when it has: 


“…possible environmental effects that are individually limited but cumulatively considerable. 
‘Cumulatively considerable’ means that the incremental effects of an individual project are 
significant when viewed in connection with the effects of past projects, the effects of other 
current projects, and the effects of probably future projects.” 


Such assessments are inherently difficult and rarely quantifiable. However, it is often possible to incorporate 
within a project measures that limit or offset potential impacts to such a degree that reasonable minds can 
agree the net incremental impact of the project is insignificant regardless of the connections to, or multiplying 
effects of, other projects.  To this end, a river reach sensitivity analysis was performed for the San Diego 
River.  The intent of this analysis was to determine the level of cumulative watershed impacts that would 
result in a significant alteration to the San Diego River’s flow duration curve.  Data from this analysis are 
being used to determine exemption criteria for similar-sized river systems in San Diego County, since detailed 
long-term hourly streamflow data is not available for most of those rivers.  The results of the sensitivity 
analysis are discussed in detail in Section 6.1. 


5.3.1 Hydromodification Management 


The purpose of the HMP is to address the cumulative effect of many individual development projects on 
stream erosion.  In the HMP, the watershed-scale effect is addressed through conditions placed on individual 
development projects.  


Also, the HMP implements a regulatory standard.  A project’s compliance with regulatory standards may be 
used to help determine whether the project may have a significant impact on the environment, either 
individually or cumulatively. 


Two questions have been raised with regard to how the HMP addresses cumulative impacts: 
1. Are the low-flow thresholds (the maximum rate at which on-site detention facilities can be drained) low 


enough to prevent stream erosion, when viewed in connection with the effects of other projects? 
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2. With regard to the specific exemption proposed for discharges where downstream sub-watershed 
imperviousness is at least 70 percent and the potential for cumulative impacts is “minimal,” how will that 
potential be assessed? 


Low Flow Thresholds 


How does the low flow threshold for a receiving stream relate to the flow that must be controlled at a 
project site?  


A low flow threshold for a receiving stream can be articulated as a particular runoff event (e.g., 0.1 Q2., or 
one-tenth the 2-year peak runoff flow).  Runoff to the stream is modeled based on the watershed area 
tributary to the stream, and the model is then calibrated to stream gauge data.  In some cases, the low-flow 
runoff threshold developed from watershed-scale stream analysis has then been applied to each project area 
within the watershed.  Implicitly, this standard is set so that if the entire watershed was made impervious, and 
runoff from the entire watershed was controlled through the facilities built to this standard, no increase in 
stream erosion would result.   


This is an exceedingly conservative assumption, because: 
 Not all areas of the watershed will be developed. 
 Very low flows trickling from individual detention facilities will have losses before reaching streams. 
 If bioretention facilities are used, the losses to infiltration and evapotranspiration are likely to be 


underestimated.  


In addition to this general conservative bias, additional conservatism is built in when a project is located 
downstream from headwaters.  To use an extreme example, a discharge from a development project near the 
mouth of a stream draining a large watershed would have an insignificant impact throughout the range of 
runoff flow rates encountered in the stream. 


The degree to which these factors contribute to a conservative bias in the hydromodification standard can 
only be estimated; however, reasonable judgments can be made.  These judgments should be subject to 
revision based on further insights gained in the first years of implementation. 


Proposed Exemptions 


How would the potential for cumulative impacts from many exempted projects be assessed?  There are too 
many possible scenarios of development proposal and watershed condition to establish firm standards or 
guidelines.  In this context, the concept of “minimal potential” for cumulative impacts means a judgment 
that—based on knowledge of the specific land use patterns and policies in the watershed—it is unlikely the 
total of all future newly developed projects discharging at the selected low-flow threshold would be 
significant when compared to the current (pre-project) total flow from the watershed.  The requirements that 
Priority Development Projects on previously developed sites implement LID and use LID facilities such as 
bioretention for storm water treatment further ensure runoff rates and durations in highly developed 
watersheds will decrease rather than increase over time. 


A similar approach applies to other proposed exemptions and in-lieu mitigation projects within the HMP.  
For example, the HMP states “the project proponent may consider implementation of planning measures 
such as buffers and restoration activities.… in lieu of implementation of storm water flow controls.”  In this 
case, cumulative impacts are addressed by the proviso that this option is available “in situations where the 
benefits of a proposed stream restoration project would substantially outweigh the potential impacts of additional 
runoff from a proposed project…” (emphasis added).  The requirement that benefits “substantially 
outweigh” potential impacts for each individual project addresses the potential for cumulative impacts by 
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ensuring that, even if many such scenarios were implemented in a watershed, the cumulative benefits would 
outweigh the cumulative impacts.  


5.3.2 Summary 


As with other cumulative impacts, the cumulative impacts on stream erosion of individual land development 
projects within a watershed can only be estimated.  Judgments on the significance of potential cumulative 
impacts are based on a weight of evidence approach.  Despite the lack of quantification and certainty, it is 
possible for stakeholders to agree that, in a given set of conditions, the potential for cumulative impacts is 
highly unlikely. 


The HMP supports assessment of cumulative impacts through hydrologic modeling of entire watersheds.  
Translating the results of watershed modeling to standards applicable to individual development sites is a 
matter of estimation and judgment.  


In the HMP, the potential for cumulative impacts is addressed through a built-in conservative bias in 
quantitative estimates of impacts and the effectiveness of flow-control measures needed to address those 
impacts, and through a conservative approach and individual review of proposed exemptions and in-
lieu projects. 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


6 .  R E Q U I R E M E N T S  A N D  S T A N D A R D S  F O R  P R O J E C T S  


Priority Development Projects are required to implement hydrologic control measures so that post-project 
runoff flow rates and durations do not exceed pre-project flow rates and durations where they would result in 
an increased potential for erosion or significant impacts to beneficial uses or violate the channel standard 
(Permit Section D.1.g(1)(c)).  The purpose of this chapter is to detail HMP applicability requirements, present 
hydromodification mitigation criteria and implementation options, and provide a framework for in-stream 
rehabilitation options. 


6.1 HMP Applicability Requirements 
To determine if a proposed project must implement hydromodification controls, refer to the HMP Decision 
Matrix in Figure 6-1 on the following page.   


The HMP Decision Matrix can be used for all projects.  For redevelopment projects, flow controls would 
only be required if the redevelopment project increases impervious area or peak flow rates as compared to 
pre-project conditions. 


It should be noted that all Priority Development Projects will be subject to the Permit’s LID and water 
quality treatment requirements even if hydromodification flow controls are not required. 


As noted in Figure 6-1, projects may be exempt from HMP criteria under the following conditions. 
 If the project is not a Priority Development Project 
 If the proposed project does not increase the impervious area or peak flows to any discharge location. 
 If the proposed project discharges runoff directly to an exempt receiving water such as the Pacific Ocean, 


San Diego Bay, an exempt river reach, an exempt reservoir, or a tidally-influenced area. 
 If the proposed project discharges to a stabilized conveyance system that extends to the Pacific Ocean, 


San Diego Bay, a tidally-influenced area, an exempt river reach or reservoir. 
 If the contributing watershed area to which the project discharges has an impervious area percentage 


greater than 70 percent 
 If an urban infill project discharges to an existing hardened or rehabilitated conveyance system that 


extends beyond the “domain of analysis,” the potential for cumulative impacts in the watershed are low, 
and the ultimate receiving channel has a Low susceptibility to erosion as defined in the SCCWRP channel 
assessment tool. 


If the proposed project decreases the pre-project impervious area and peak flows to each discharge location, 
then a flow-duration analysis is implicitly not required.  If continuous simulation flow-frequency and flow 
duration curves were developed for such a scenario, the unmitigated post-project flows and durations would 
be less as compared to pre-project curves.  


Proposed exemptions for projects discharging runoff directly to the Pacific Ocean, San Diego Bay or to 
hardened conveyance systems which transport runoff directly to the Pacific Ocean or San Diego Bay are 
referred to the 2007 Municipal Permit.  Per the Permit, hardened conveyance systems can include existing 
concrete channels, storm drain systems, etc. 
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Figure 6-1.  HMP Applicability Determination 
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The Municipal Permit also contains language to support exemptions for projects located in highly urbanized 
areas where the impervious percentage exceeds 70 percent (as calculated for the sub-watershed between the 
project outfall downstream to the exempt receiving water). 
 Figure 6-1, Node 1 – Hydromodification mitigation measures are only required if the proposed project is a 


Priority Development Project. 
 Figure 6-1, Node 2 – Properly designed energy dissipation systems are required for all project outfalls to 


unlined channels.  Such systems should be designed in accordance with the County of San Diego’s 
Drainage Design Manual to ensure downstream channel protection from concentrated outfalls. 


 Figure 6-1, Nodes 3 and 4 – Projects may be exempt from hydromodification criteria if the proposed 
project reduces the pre-project impervious area and if unmitigated post-project outflows (outflows 
without detention routing) to each outlet location are less as compared to the pre-project condition.  The 
pre and post-project hydrologic analysis should be conducted for the 2 and 10-year design storms and 
follow single-event methodology set forth in the San Diego Hydrology Manual.  This scenario may apply 
to redevelopment projects in particular. 


 Figure 6-1, Node 5 – Potential exemptions may be granted for projects discharging runoff directly to an 
exempt receiving water, such as the Pacific Ocean, San Diego Bay, an exempt river system (detailed in 
Table 6-1), or an exempt reservoir system (detailed in Table 6-2).  


 Figure 6-1, Node 6 – For projects discharging runoff directly to a tidally-influenced lagoon, potential 
exemptions may also be granted.  Exemptions related to runoff discharging directly to tidally-influenced 
areas were drafted based upon precedent set in the Santa Clara HMP.  Regarding the potential exemption, 
additional analysis would be required to assess the effects of the freshwater / saltwater balance and the 
resultant effects on lagoon-system biology.  This assessment, which would be required by other permitting 
processes such as the Army Corps of Engineers, California Department of Fish and Game, etc., must be 
provided by a certified biologist or other specialist as approved by the governing municipality.  Such 
discharges would include an energy dissipation system (riprap, etc.) designed to mitigate 100-year outlet 
velocities based upon a free outfall condition.  Such a design would be protective of the channel bed and 
bank from an erosion standpoint.  


 Figure 6-1, Nodes 7 and 8 – For projects discharging runoff directly to a hardened conveyance or 
rehabilitated stream system that extends to exempt receiving waters detailed in Node 5, potential 
exemptions from hydromodification criteria may be granted.  Such hardened or rehabilitated systems 
could include existing storm drain systems, existing concrete channels, or stable engineered unlined 
channels.  To qualify for this exemption, the existing hardened or rehabilitated conveyance system must 
continue uninterrupted to the exempt system.  In other words, the hardened or rehabilitated conveyance 
system cannot discharge to an unlined, non-engineered channel segment prior to discharge to the exempt 
system.  Additionally, the project proponent must demonstrate that the hardened or rehabilitated 
conveyance system has capacity to convey the 10-year ultimate condition flow through the conveyance 
system.  The 10-year flow should be calculated based upon single-event hydrologic criteria as detailed in 
the San Diego County Hydrology Manual. 


 Figure 6-1, Node 9 – As allowed per the Municipal Permit, projects discharging runoff to a highly 
urbanized watershed (defined as an existing, pre-project impervious percentage greater than 70 percent) 
may be eligible for an exemption from hydromodification criteria.   


  







Section 6 Hydromodification Management Plan 


 
6-4 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


Watershed impervious area calculations for this potential exemption will be measured between the project 
site discharge location and the connection to a downstream exempt receiving conveyance system, such as 
the Pacific Ocean, San Diego Bay, or an exempt river system. If a tributary area connects with the main 
line drainage path between the project site and the exempt system, then the entire watershed area 
contributing to the tributary shall be included in the calculation. Initial review of County land use indicates 
that this exemption will likely only apply in a limited number of urbanized coastal areas. 
Percent imperviousness will be calculated based on an area-weighted average of impervious areas 
associated with commercial, industrial, single-family residential, multi-family residential, open space, and 
other miscellaneous areas (schools, churches, etc.) representative for the watershed. Representative 
percent imperviousness values for each land use type may correspond to values recommended in 
Table 3-1 of the County of San Diego’s Hydrology Manual and detailed below or by more specific 
representative percent impervious calculations (using GIS, etc.), which are often required to represent 
impervious area percentages for park, school and church sites. 


 Figure 6-1, Nodes 10 through 13 – For urban infill projects discharging runoff to an existing hardened or 
rehabilitated conveyance system, potential limited exemptions from hydromodification criteria may apply 
where the existing impervious area percentage in the watershed exceeds 40 percent.  For the potential 
exemption application, the domain of analysis must be determined and the existing hardened or 
rehabilitated conveyance system must extend beyond the downstream terminus of the domain of analysis. 
The hardened or rehabilitated conveyance system must discharge to a receiving channel with a Low 
potential for channel susceptibility for this exemption to be granted (channel susceptibility determined 
using SCCWRP tool).  Finally, continuous simulation sensitivity analysis shows that an exemption could 
only be granted if the potential future development impacts in the watershed would increase the 
watershed’s impervious area percentage by less than 3 percent (as compared to the existing condition in 
the year 2010).  If the potential future cumulative impacts in the watershed could increase the impervious 
area percentage by more than 3 percent (as compared to existing condition), then no exemption could be 
granted based on this item.  Watershed impervious area calculations for this potential exemption, in which 
a project discharges to a watershed with an existing impervious areas greater than 40 percent, will be 
measured upstream from the outfall of the urban conveyance system (to a non-concrete, non-riprap-lined 
or non-engineered channel) to the contributing watershed boundary (the entire watershed contributing to 
the discharge outfall).  
Percent imperviousness will be calculated based on an area-weighted average of impervious areas 
associated with commercial, industrial, single-family residential, multi-family residential, open space, and 
other miscellaneous areas (schools, churches, etc.) representative for the watershed. Representative 
percent imperviousness values for each land use type may correspond to values recommended in Table 3-
1 of the County of San Diego’s Hydrology Manual and detailed below or by more specific representative 
percent impervious calculations (using GIS, etc.), which are often required to represent impervious area 
percentages for park, school and church sites. 


Exemptions related to runoff discharging directly to certain river reaches were initially based upon the 
majority TAC opinion that such river reaches were depositional (aggrading) and that the effects of cumulative 
watershed impacts to these reaches is minimal.  Subsequent justifications for the river reach exemptions were 
the result of a flow duration curve analysis for the San Diego River. 
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Potential river reaches that would be exempt from hydromodification criteria include only those reaches for 
which the contributing drainage area exceeds 100 square miles and which have a 100-year design flow in 
excess of 20,000 cfs.  For reference, proposed Caltrans HMP criteria allows for river/creek exemptions for 
drainage areas of only 10 square miles.  


Per recommendations from members of the TAC, San Diego river systems meeting the drainage area and 
peak flow criteria are typically aggrading (depositional) and have very wide floodplain areas when in the 
natural condition.  In all cases, river reaches meeting the drainage area and peak flow criteria are located 
downstream of large reservoir systems which effectively block outflows for most storm events.  In addition, 
the river systems meeting these criteria typically have very low gradients.  The combination of low gradients, 
significant peak flow attenuation, and wide floodplain areas translate to a low potential for channel erosion at 
the upper limit of the proposed geomorphic flow range (10-year flow event).  


The intent of the San Diego River flow duration analysis was to determine the level of cumulative watershed 
impacts that would result in a significant alteration to the San Diego River’s flow duration curve.  Both the 
Fashion Valley and Mast Boulevard USGS stream gauge stations were used to develop long-term flow 
duration curves for the San Diego River.  Data from this analysis will be used to determine exemption criteria 
for similar-sized river systems in San Diego County, since detailed long-term hourly streamflow data is not 
available for most of those rivers.  Since the findings of the sensitivity analysis are planned to be extrapolated 
to other large river systems, implementation of additional gauging stations along other major river systems is 
recommended to analyze the differences in watershed response between the major watershed systems. 


Assumptions related to the San Diego River sensitivity analysis are provided below: 
 The flow duration charts show the San Diego River flow durations, plus simulated river flows durations 


for additional development scenarios.  
 HSPF models were built to simulate converting existing undeveloped areas in the watershed into 


development with no stormwater flow controls.   
 Increasing drainage area increments were modeled.  
 To produce the ‘simulated development’ flow duration curves, the difference between developed and 


undeveloped flow duration curves was calculated for proposed hypothetical development .sites of varying 
sizes Then, the “difference hydrograph” was added to the San Diego River flow duration curve.  This 
approach was used to avoid the potential problem of double-counting areas. 


Tasks Related to Development of Flow Duration Analysis of San Diego River: 
 Acquired 15-minute stream flow data from USGS (available from 1988 to present)  
 Aggregated to 1-hour historical record  
 Computed flow duration statistics for both records and determined if there is any substantial difference 


between the records (this is a QA step that allowed for removal any high flow ‘outliers’ in the record that 
could affect the results).  


 Prepared a simple, characteristic HSPF model for the lower watershed for “existing conditions in an 
undeveloped area” – assumed Group D soils with sparse vegetation.  


 Prepared a simple, parallel HSPF model for “developed conditions”  
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 Ran both models and examined the difference between the resulting hydrographs (the hydromodification).  
A couple of different pre- and post-development models were generated to analyze the differences on a 
per unit area basis.  


 Using the “difference hydrograph” created from the model simulations, progressively added development 
and recomputed the flow duration statistics.  


 Examined the modified flow duration statistics and determined at what level of increased development the 
statistics became noticeably altered.   


Results showed that increasing levels of development, in excess of 1,000 acres assumed to occur at the same 
location as the stream gauge station, would produce a very minor influence on the river’s flow duration curve.  
These results demonstrated that certain portions of the San Diego River could be exempt from 
hydromodification requirements.  Such HMP exemptions would only be granted for projects discharging 
runoff directly to the exempt river reach. Each municipality must define “direct discharge” based on the 
project site conditions. To qualify for the potential exemption, the outlet elevation must be between the river 
bottom elevation and the 100-year floodplain elevation and properly designed energy dissipation must be 
provided  The supporting HSPF continuous modeling analysis results are summarized in a Technical Memo 
in Appendix F. 


All exempt river reaches, which are presented in Table 6-1, have drainage areas in excess of 100 square miles 
and 100-year flow rates in excess of 20,000 cfs.  In addition, all proposed river reaches are subject to 
significant upstream reservoir flow regulation, have wide floodplain or stabilized channel areas, and low 
gradients.  This combination of factors, in association with field observations and years of historical 
perspective from the TAC members, justifies exemptions for direct discharges to the exempt river reaches 
provided that properly sized energy dissipation is provided at the outfall location.  


 
Table 6-1.  Summary of Exempt River Reaches in San Diego County 


River Downstream Limit Upstream Limit 
Otay River Outfall to San Diego Bay Lower Otay Reservoir Dam 


San Diego River Outfall to Pacific Ocean Confluence with San Vicente Creek 
San Dieguito River Outfall to Pacific Ocean Lake Hodges Dam 


San Luis Rey River Outfall to Pacific Ocean 
Upstream river limit of Basin Plan 


subwatershed 903.1 upstream of Bonsall and 
near Interstate 15 


Sweetwater River Outfall to San Diego Bay Sweetwater Reservoir Dam 


 
Table 6-2 provides a summary of exempt reservoirs in San Diego County.  Large reservoirs can be exempt 
systems from a hydromodification standpoint since reservoir storm water inflow velocities are naturally 
mitigated by the significant tailwater condition in the reservoir.  HMP exemptions would only be granted for 
projects discharging runoff directly to the exempt reservoirs. Each municipality must define “direct 
discharge” based on the project site conditions. To qualify for the potential exemption, the outlet elevation of 
the conveyance system must be within (or below) the normal operating water surface elevations of the 
reservoir and properly designed energy dissipation must be provided.   
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Table 6-2.  Summary of Exempt Reservoirs in San Diego County 
Reservoir Watershed 


Barrett Lake Tijuana River 
El Capitain Reservoir San Diego River 


Lake Dixon Escondido Creek 
Lake Heneshaw San Luis Rey River 


Lake Hodges San Dieguito River 
Lake Jennings San Diego River 
Lake Murray San Diego River 
Lake Poway San Dieguito River 


Lake San Marcos San Marcos Creek 
Lake Wohlford Escondido Creek 


Loveland Reservoir Sweetwater River 
Lower Otay Reservoir Otay River 


Miramar Lake Los Penasquitos Creek 
San Vicente Reservoir San Diego River 
Sweetwater Reservoir Sweetwater River 
Upper Otay Reservoir Otay River 


The final exemption category focuses on small urban infill projects where the potential for future cumulative 
watershed impacts is minimal.  Continuous simulation models have been prepared for subwatershed areas 
containing between 40 and 70 percent existing imperviousness (as measured from the project site 
downstream to existing storm drain outfall) with the following assumptions. 


Sensitivity Analysis for Urban Watersheds: 
 Prepared HSPF models for 10-, 100-, and 500-acre watersheds with 40, 50, 60 percent imperviousness.  


Ran simulations and computed flow duration statistics for each of the urban watershed scenarios.  
 Progressively increased the level of imperviousness to simulate infill development for the 10-, 100-, 


500-acre watersheds.  
 Ran infill scenario simulations and computed flow duration statistics  
 Examined the infill flow duration statistics and determined at what level of increased development the 


statistics became noticeably altered.  


Per results of the continuous simulation modeling and analysis of the resultant flow duration curves, urban 
infill projects have a relatively minor effect on the overall watershed’s flow duration curve if the future 
cumulative additional impacts have the potential to increase the existing watershed impervious area by less 
than 3 percent.  Potential urban infill project exemptions are only considered if the existing impervious area 
percentage of the sub-watershed is at least 40 percent.  For sub-watersheds containing less than 40 percent 
existing impervious area, continuous simulation models indicated a more pronounced response to the flow 
duration curve with small urban infill developments.  
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Urban infill projects may be exempt from HMP criteria if: 
1. The potential future development impacts within the sub-watershed, as measured from the entire sub-


watershed area draining to the existing conveyance system outfall, would not increase the composite 
impervious area percentage of the sub-watershed by more than 3 percent 


2. The project discharges runoff to an existing hardened or rehabilitated conveyance system (storm drain, 
concrete channel, or engineered vegetated channel) that extends beyond the Domain of Analysis 
determined for the project site, and 


3. The stabilized conveyance system eventually discharges to a channel with a Low susceptibility to erosion, 
as designed by the SCCWRP channel assessment tool. 


The supporting HSPF continuous modeling analysis results, which analyzed existing sub-watershed scenarios 
of 40, 50, and 60 percent impervious area, are summarized in a Technical Memo in Appendix F. 


As mentioned in Section 5.2, the Domain of Analysis is defined to extend downstream of a proposed project 
site to a location in a natural stream section to where a 50 percent flow accumulation is added to the stream 
system.  For existing storm drain systems or hardened conveyance systems, the Domain of Analysis shall 
extend downstream to a location where a 100 percent flow accumulation is added to the storm drain or 
hardened conveyance system.  These definitions may be revised in the future subsequent to ongoing work 
being conducted by the SCCWRP. 


6.2 Flow Control Performance Criteria 
Figures 6-2 and 6-3, which are part of the HMP Decision Matrix and are presented on the following pages, 
detail how lower flow thresholds would be determined for a project site.  Figures 6-4 and 6-5, which detail the 
SCCWRP lateral and vertical channel susceptibility requirements, complete the HMP Decision Matrix.  


The project applicant must first determine whether field investigations will be conducted pursuant to the 
SCCWRP channel screening tools. If the screening tools are not completed for a proposed project, then the 
site must mitigate peak flows and durations based on a pre-project condition lower flow threshold of 0.1Q2. 
While a project applicant would be held to the 0.1Q2 standard if channel screening tools and assessments are 
not conducted, less restrictive standards are possible for more erosion-resistant receiving channel sections if 
the screening tools are completed and the SCCWRP method indicates either a Medium or Low susceptibility 
to channel erosion . 


In such a scenario, the project applicant would also use the critical shear stress calculator to assist in 
determination of the predicted lower flow threshold. The SCCWRP screening tools and critical shear stress 
calculator work in concert to determine the lower flow threshold for a given site. Lower flow limits 
determined by the calculator have been grouped into one of three thresholds – 0.1Q2, 0.3Q2 or 0.5Q2. “Low” 
susceptibilities from the SCCWRP tool generally correspond to the 0.5Q2 threshold, “Medium” 
susceptibilities generally correspond to the 0.3Q2 threshold, and “High” susceptibilities generally correspond 
to the 0.1Q2 threshold. The SCCWRP channel screening tools are required to identify channel conditions not 
considered by the critical shear stress calculator, which focuses on channel material and cross section. 
Conversely, the SCCWRP channel screening tools considers other channel conditions including channel 
braiding, mass wasting, and proximity to the erosion threshold. In cases where the critical shear stress 
calculator and the SCCWRP screening tools return divergent values, then the most conservative value shall be 
used as the lower flow threshold for the analysis.  
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Low-Impact Development (LID) and extended detention facilities are required to meet peak flow and 
duration controls as follows: 
1. For flow rates ranging from 10 percent, 30 percent or 50 percent of the pre-project 2-year runoff event 


(0.1Q2, 0.3Q2, or 0.5Q2) to the pre-project 10-year runoff event (Q10), the post-project discharge rates and 
durations shall not deviate above the pre-project rates and durations by more than 10 percent over and 
more than 10 percent of the length of the flow duration curve.  The specific lower flow threshold will 
depend on results from the SCCWRP channel screening study and the critical flow calculator. 


2. For flow rates ranging from the lower flow threshold to Q5, the post-project peak flows shall not exceed 
pre-project peak flows.  For flow rates from Q5 to Q10, post-project peak flows may exceed pre-project 
flows by up to 10 percent for a 1-year frequency interval.  For example, post-project flows could exceed 
pre-project flows by up to 10 percent for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not 
from Q8 to Q10. 


This HMP recommends the use of LID facilities to satisfy both 85th percentile water quality treatment as well 
as HMP flow control criteria.  The Copermittees and the consultant team have developed detailed standards 
for LID implementation.  These standards are provided in the San Diego County Model SUSMP.  


The following methods may be used to meet mitigation requirements. 
 Install BMPs that meet design requirements to control runoff from new impervious areas.  BMPs 


including bioretention basins, vegetated swales, planter boxes, extended detention basins, etc. shall be 
designed pursuant to standard sizing and specification criteria detailed in the Model SUSMP and the 
HMP/LID Sizing Calculator to ensure compliance with hydromodification criteria.  


 Use of the automated sizing calculator (San Diego Sizing Calculator) that will allow project applicants to 
select and size LID treatment devices or flow control basins. The tool, akin to the sizing calculator 
developed for compliance with the Contra Costa HMP, uses pre-calculated sizing factors to determine 
required footprint sizes for flow control BMPs. Continuous simulation hydrologic analyses are currently 
being developed to determine the sizing factors for various flow control options and development 
scenarios. The Sizing Calculator also includes an automated pond sizing tool to assist in the design of 
extended detention facilities for mitigation of hydromodification effects. Because of the Sizing Calculator’s 
ease of implementation, and since hydromodification BMPs can also serve as treatment BMPs, it is 
anticipated that most project applicants will choose this option instead of seeking compliance through 
site-specific continuous simulation model preparation. The HMP/LID Sizing Calculator is an 
implementation tool, which is currently under development by the consultant team and will be completed 
by the time final HMP criteria go into effect.  


 Prepare continuous simulation hydrologic models and compare the pre-project and mitigated post-project 
runoff peaks and durations (with hydromodification flow controls) until compliance to flow control 
standards can be demonstrated. The project applicant will be required to quantify the long-term pre- and 
post-project runoff response from the site and establish runoff routing and stage-storage-discharge 
relationships for the planned flow control devices. Public domain software such as HSPF, HEC-HMS and 
SWMM can be used for preparation of a continuous simulation hydrologic analysis.  


 Points of compliance must be selected to conduct the comparisons of pre-project and post-project flows 
and durations. Generally, points of compliance are selected at locations along the project boundary where 
concentrated flows discharge from the project site. If a point of compliance is selected downstream of the 
project boundary, then the governing municipality should be consulted in advance of the 
hydromodification analysis. For projects which convey offsite runoff through the site, it is assumed that 
the offsite runoff would be separated from site runoff. If this is not the case, then the governing 
municipality should be consulted to further refine the points of compliance for the site (an interior project 
site point of compliance could be required in such a scenario). 
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Figure 6-2.  Mitigation Criteria and Implementation 


 
  







Section 6 Hydromodification Management Plan 


 
6-11 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


 Figure 6-2, Node 1 – If the project applicant chooses to complete SCCWRP channel screening tools, then 
the applicant moves to Figures 6-4 and 6-5 to assess the vertical and lateral susceptibility of the receiving 
channel systems. Depending on the results of the SCCWRP screening tools and critical flow calculator, it 
is possible that lower flow thresholds in excess of 0.1Q2 may be used. If the project applicant chooses not 
to complete the SCCWRP channel assessment, then the applicant proceeds with Figure 6-2 of the 
Decision Matrix. 


 Figure 6-2, Node 2 – If the project’s LID or BMP approach accounts for the infiltration of runoff to 
native surrounding soils (below amended soil layers), then consultation with a geotechnical engineer is 
required (Box 3). If the project mitigation approach does not account for infiltration of runoff, then the 
applicant would proceed to Box 4. 


 Figure 6-2, Node 3 – A geotechnical engineer should determine the allowable infiltration rates to be used 
for the design of each LID or BMP facility. The geotechnical assessment should also identify potential 
portions of the project which are feasible for infiltration of runoff.  


 Figure 6-2, Node 4 – In this scenario, the SCCWRP channel assessment was not conducted. Therefore, 
the project applicant would be held to the 0.1Q2 lower flow threshold. LID and extended detention 
facilities must be sized so that the mitigated post project flows and durations do not exceed pre-project 
flows and durations for the geomorphically-significant flow range of 0.1Q2 to Q10. 


 Figure 6-2, Node 5 - The Decision Matrix includes language regarding a drawdown time requirements so 
that standards set forth by the County’s Department of Environmental Health are met. As a side note, the 
County’s Department of Environmental Health has stated that the drawdown requirement would be 
applied to underground vaults in addition to extended detention basins and the surface ponding areas of 
LID facilities. Proper maintenance of hydromodification mitigation facilities is essential to guard against 
potential vector issues as well potential safety issues resulting from long-term standing water. If mitigation 
facility outlets clog, then runoff will bypass the system and potentially result in additional erosion 
problems downstream of a site. 
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Figure 6-3.  Mitigation Criteria and Implementation 
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 Figure 6-3, Node 1 – Use of Figure 6-3 assumes that the project applicant conducted the SCCWRP 
channel assessment. Box 1 would begin following completion of both the lateral and vertical susceptibility 
flow charts depicted in Figures 6-4 and 6-5. Box 1 is a decision box asking if the project’s LID or BMP 
approach accounts for the infiltration of runoff to native surrounding soils (below amended soil layers). If 
the answer is Yes, then consultation with a geotechnical engineer is required (Box 2). If the project 
mitigation approach does not account for infiltration of runoff, then the applicant would proceed to 
Box 3. 


 Figure 6-3, Node 2 – A geotechnical engineer should determine the allowable infiltration rates to be used 
for the design of each LID or BMP facility. The geotechnical assessment should also identify potential 
portions of the project which are feasible for infiltration of runoff.  


 Figure 6-3, Node 3 – Pursuant to criteria detailed in HMP Section 5.2, the Domain of Analysis is 
determined downstream and upstream of the project site. This determination is used to ascertain the 
required reach length for data collection (channel bed and bank material, channel cross section data, etc.) 
required for the critical flow calculator (see Box 4),  


 Figure 6-3, Node 4 – Pursuant to criteria detailed in HMP Section 5.1.4, the project applicant would run 
the critical shear stress calculator to determine if the recommended critical flow threshold should be 
0.1Q2, 0.3Q2, or 0.5Q2. This result will be compared to the result from the SCCWRP screening analysis 
(Box 5) to determine the final lower flow threshold for the project.  


 Figure 6-3, Node 5 – Pursuant to criteria detailed in HMP Appendix B, the project applicant would 
determine both the lateral and vertical channel susceptibility rating per guidelines set forth by SCCWRP. If 
the lateral and vertical tools returned divergent results, then the more conservative result would be used. 
SCCWRP susceptibility ratings include “High”, “Medium” and “Low.” 


 Figure 6-3, Node 6 – A project applicant would arrive at Box 6 if the SCCWRP channel susceptibility 
rating was determined to be “High.” This decision box inquires as to whether stream rehabilitation 
measures such as grade control and channel widening will be used as a mitigation measure instead of flow 
control. It should be noted that stream rehabilitation options are only allowed if the existing receiving 
channel susceptibility is considered to be “High.” 


 Figure 6-3, Node 7 – Stream rehabilitation measures are only allowed if the proposed mitigation project 
extends to a downstream exempt system (such as an exempt river system). If the mitigation measure did 
not extend to an exempt system, then the potential for cumulative watershed impacts would be more 
pronounced. 


 Figure 6-3, Node 8 – If stream rehabilitation measures are allowed, then guidelines outlined in Section 6.3 
of the HMP should be followed to design the in-stream mitigation approach. 


 Figure 6-3, Node 9 - A project applicant would arrive at Box 9 if the SCCWRP channel susceptibility 
rating was determined to be “Medium.” If the result from the critical shear stress calculator is also 
“Medium” (or 0.3Q2), then the lower flow threshold would be 0.3Q2 (Box 11). If the result from the 
critical shear stress calculator is “High” (or 0.1Q2), then the more conservative value would be used and 
the lower flow threshold would be 0.1Q2 (Box 10). 


 Figure 6-3, Node 10 – For stream reaches determined by either the critical flow calculator or the 
SCCWRP screening tools to have a “High” susceptibility to erosion, LID and extended detention flow 
control facilities should be sized so that the mitigated post project flows and durations do not exceed pre-
project flows and durations for the geomorphically-significant flow range of 0.1Q2 to Q10. 


  







Section 6 Hydromodification Management Plan 


 
6-14 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


 Figure 6-3, Node 11 - For stream reaches determined by either the critical flow calculator or the SCCWRP 
screening tools to have a “Medium” susceptibility to erosion, LID and extended detention flow control 
facilities should be sized so that the mitigated post project flows and durations do not exceed pre-project 
flows and durations for the geomorphically-significant flow range of 0.3Q2 to Q10. 


 Figure 6-3, Node 12 - A project applicant would arrive at Box 12 if the SCCWRP channel susceptibility 
rating was determined to be “Low.” If the result from the critical shear stress calculator is also “Low” (or 
0.5Q2), then the lower flow threshold would be 0.5Q2 (Box 16 – note potential waiver in Box 13). If the 
result from the critical shear stress calculator is “High” (or 0.1Q2), then the more conservative value 
would be used and the lower flow threshold would be 0.1Q2 (Box 10). If the result from the critical flow 
calculator is “Medium” (or 0.3Q2), then the more conservative value would be used and the lower flow 
threshold would be 0.3Q2 (Box 11).  


 Figure 6-3, Node 13 – In some limited situations, namely small developments in rural or lightly developed 
areas, an allowance for a minimum outlet orifice size may be granted when the receiving channel 
susceptibility is “Low.” This criteria may potentially be used for project footprints less than 5 acres. If the 
project footprint is greater than 5 acres, then the allowance may not be granted and the applicant would 
proceed to Box 16.  


 Figure 6-3, Node 14 – The potential allowance discussed in Box 13 could only be granted if the ultimate 
potential impervious area in the sub-watershed is less than 10 percent. If there is potential for the sub-
watershed impervious area to exceed 10 percent, then the minimum orifice size criteria may not 
be granted.  


 Figure 6-3, Node 15 – If Boxes 12, 13, and 14 are satisfied, then mitigation facilities may be designed 
using a 3-inch minimum outlet orifice size.  


 Figure 6-3, Node 16 - For stream reaches determined by either the critical flow calculator or the SCCWRP 
screening tools to have a “Low” susceptibility to erosion – and for projects where the minimum outlet 
orifice criteria does not apply - LID and extended detention flow control facilities should be sized so that 
the mitigated post project flows and durations do not exceed pre-project flows and durations for the 
geomorphically-significant flow range of 0.5Q2 to Q10. 


 Figure 6-3, Node 17 – For all hydromodification mitigation designs, the Decision Matrix includes 
language regarding drawdown time requirements so that standards set forth by the County’s Department 
of Environmental Health are met. As a side note, the County’s Department of Environmental Health has 
stated that the drawdown requirement would be applied to underground vaults in addition to extended 
detention basins and the surface ponding areas of LID facilities. Proper maintenance of 
hydromodification mitigation facilities is essential to guard against potential vector issues as well potential 
safety issues resulting from long-term standing water. If mitigation facility outlets clog, then runoff will 
bypass the system and potentially result in additional erosion problems downstream of a site. 
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Figure 6-4.  SCCWRP Vertical Susceptibility 
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Figure 6-5.  Lateral Channel Susceptibility 
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A continuous simulation analysis was conducted to identify situations where a 3-inch minimum orifice size 
standard could be applied.  For small sites where orifices less than 3-inches would be required to achieve 
HMP mitigation, LID implementation is recommended in lieu of extended detention facilities. 


The continuous simulation analysis was based on the following assumptions: 


Sensitivity Analysis for Minimum Orifice Diameter: 
 Prepared HSPF models for 100 and 500 acre undeveloped watersheds – assumed Group D soils with 


sparse vegetation.  
 Prepared simple, parallel HSPF models for 1 and 5 acre developments.  
 Added detention ponds to the development models, matching the flow duration curve as much as 


possible using a 3-inch minimum diameter.  For the pond configuration, assumed the ponds are 4 feet 
deep and contained two outflow control structures (low orifice = 3 inches; high weir to prevent 
overtopping).  


 Ran the undeveloped scenario model simulations and computed the flow duration statistics  
 Ran the development scenario model simulations (various levels of development) and computed flow 


duration statistics.  
 Determined the increased level of development that would produce a noticeable difference in the flow 


duration statistics  


The sensitivity analysis showed that cumulative basin outflows from multiple 3-inch outlet orifices from 1- 
and 5-acre developments would have less than significant cumulative impacts to the watershed’s flow 
duration curve provided the impervious areas in the watershed is less than 10 percent. The supporting HSPF 
continuous modeling analysis results are summarized in a Technical Memo in Appendix F. 


For project sites 1 acre or less in size: 
1. HMP mitigation must be attained through the use of LID facilities (because a 3-inch outlet orifice would 


provide no significant mitigation).  If LID facilities cannot fully mitigate flows to meet hydromodification 
criteria, then small detention facilities can be used in combination with the LID facilities. 


For project sites greater than 1 acre and less than 5 acres in size: 
1. HMP mitigation should be attained through the use of LID facilities to the maximum extent practicable. 
2. A 3-inch minimum outlet orifice size may be used provided that the potential cumulative impacts in the 


subwatershed area, as measured for the entire sub-watershed (containing the project site)  downstream to 
a natural creek confluence, would not increase the ultimate-condition composite impervious area in the 
subwatershed to more than 10 percent. 


If the potential cumulative impacts in the subwatershed areas would result in an impervious area percentage 
greater than 10 percent, then the 3-inch minimum orifice size waiver would not be granted.  


6.3 Stream Rehabilitation Performance Criteria 
If the SCCWRP channel screening tools indicate the existing downstream channel condition has a High 
susceptibility to erosion, then stream rehabilitation options may be considered.  Such mitigation measures 
must extend downstream to an exempt receiving conveyance system.  If such options are chosen as 
hydromodification mitigation for the project site, then the following criteria must be analyzed. 
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 Show that projected increases in runoff peaks and/or durations, along with sediment reductions 
associated with development, would not accelerate degradation or erosion of rehabilitated receiving 
stream reaches.  


 A proposed stream rehabilitation mitigation measure can accommodate additional runoff from a proposed 
project, the project proponent may consider implementation of planning measures such as buffers and 
restoration activities, revegetation, and use of less-impacting facilities at the point of discharge in lieu of 
implementation of storm water flow controls.  


 Such scenarios include the modification of the channel gradient, cross section, or boundary materials to 
achieve stable conditions in the altered flow regime.  Implementation of such measures would require a 
geomorphic analysis to show that the proposed changes to the stream channel cross sections, vegetation, 
discharge rates, velocities, and durations would not have adverse impact to the receiving channel’s 
beneficial uses.   


 Such measures could not include concrete.  
 Such measures must be designed considering the ultimate condition 100-year flows (as well as lower 


return frequency events) to the rehabilitated channel segment. 


The San Diego HMP has a provision for in-channel mitigation as an alternative, or supplement, to flow 
volume and duration control.  In-stream mitigation involves the modification of the receiving channel 
(primarily by altering its width, depth, slope and channel materials) to accommodate the increased flow 
following development.  The purpose of this section is to outline for applicants and permitees what 
components should go into designing and implementing an in-channel mitigation program.  It is not intended 
as an exhaustive ‘cookery book’ approach to designing an instream approach, but to present the principles 
that should be used to develop a plan.  Most projects will require detailed site-specific analyses and 
approaches and due to differences in scale, channel type and historic condition there is not necessarily a single 
approach that will be applicable in all sites. 


6.3.1 Goal of In-Channel Hydromod Mitigation 


The goal of in-channel hydromod mitigation is to modify a receiving channel such that it supports the 
beneficial uses and physical and ecological functions of the channel to the same extent or greater than it did 
prior to the proposed development.  More specifically it should: 
 Be in geomorphic dynamic equilibrium (it is desirable that is should have small amounts of local scour and 


deposition to support biological processes, but it should not experience significant net erosion or 
deposition of sediment over the entire reach over a sustained period of several years). 


 Provide the appropriate physical processes and forms to sustainably support the flora and fauna that 
existed prior to development. 


A key step in any project will be to define these goals more clearly.  In particular, applicants and permitees 
will need to agree upon whether the goal is to maintain the creek at pre-project conditions or to restore it to a 
previous, higher level of function.  For example, if the existing condition is an incised channel with little 
ecological value due to historic impacts, there is little value in stabilizing the creek in this condition to 
accommodate higher future flows, and an alternate goal will be required such as restoring to a previous 
condition that is more stable. 







Section 6 Hydromodification Management Plan 


 
6-19 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


6.3.2 Design Principals 


Understand Pre-Project Conditions and Potential Project Impacts 


All proposed projects must display a clear understanding of the existing physical and ecological condition of 
the receiving water prior to project implementation.  In particular, applicants must identify the ecological 
functions and values of the existing channel corridor, the physical processes that control or influence them, 
and the impact of the proposed project on those factors.  Table 6-3 provides a hypothetical example but is 
not intended to be exhaustive. 


Identifying the ecological conditions will require the services of a trained riparian and aquatic biologist, while 
identifying the physical conditions will require a trained geomorphologist or hydrologist.  Methods may 
include field surveys and use of historical documents (maps, aerial photos). 


It is important to draw a distinction between ‘stability’ and ‘stasis’, and to understand that many ecological 
functions require a degree of channel disturbance.  For example, willow and mulefat assemblages (a common 
ecotype for many San Diego creeks) require somewhat depositional conditions to form, with alternating 
periods of sand deposition to create low terraces and subsequent scour and reformation.  Many constructed 
and armored channels are static and do not support the geomorphic functions that underpin these 
ecological functions.  


 
Table 6-3.  Creek Assessment and Mitigation Approaches 


Creek Function or 
Attribute 


Current Controlling / Influencing 
Factors 


Project Impacts on Controlling 
Factors Potential Mitigation Approach 


Vertical channel stability 
(bed erosion or deposition) 


e.g. balance between coarse 
sediment and water supply, nature 
of bed materials. 


e.g. runoff likely to increase, 
coarse sediment supply likely to 
decrease. 


Reduce bed gradient using step-
pool structures. 


Lateral channel stability 
(e.g. widening, lateral 
migration)  


e.g. vertical stability, riparian 
vegetation. 


e.g. runoff likely to increase, 
coarse sediment supply likely to 
decrease. 


Widen channel to appropriate 
geometry and stabilize with 
biotechnical approaches. 


Mulefat assemblage 
e.g. requires braided channel with 
low terraces subject to periodic 
scour and deposition. 


e.g. excess sediment transport 
capacity over supply will erase 
terraces and prevent deposition. 


Widen channel to lower sediment 
transport capacity, allow braiding 
and support terrace formation.  
Lower gradient to achieve same. 


Willow assemblage e.g. proximity of floodplain to water 
table. 


e.g. incision will lower water table 
and prevent regeneration. 


Prevent incision by grade control, 
gradient flattening, or channel 
widening. 


Ephemeral vegetation 
assemblage 


e.g. absence of summer nuisance 
flows. 


e.g. presence of summer nuisance 
flows will allow perennial 
vegetation to colonize. 


Elimination of nuisance flows. 


Fish spawning 
e.g. presence of gravel, relative 
absence of fine sediment, 
relatively low shear stresses during 
winter/spring flows. 


e.g. fine sediment will bury 
spawning gravel. 


Promote sediment sorting and 
reduce bank erosion or other fine 
sediment sources. 


Fish rearing 
e.g. channel complexity, riparian 
shade cover, relative rarity of high 
velocity flows. 


e.g. excess shear stress will erode 
and simplify channel features, 
wash out fish. 


Widen and flatten channel to 
reduce shear stresses. 


Design Criteria 


In-stream mitigation projects must meet the following design criteria: 
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1. The proposed channel and riparian corridor must provide the same acreage of habitat as the pre-project 
channel and riparian corridor, and should support geomorphic processes that can reasonably be 
considered to sustain those acreages. 


2. The cumulative sediment transport capacity of the proposed channel under the post project flow regime 
must not exceed that of the pre-project channel under the pre-project flow regime.  Sediment transport 
capacity should be assessed at cross sections along the channel at least every 500 feet (minimum of three 
cross-sections for channels shorter than 500 feet), with the net proposed sediment transport capacity 
being equal or less than pre-project net sediment transport capacity, and no individual cross section having 
a sediment transport capacity more than 10 percent greater than under pre-project conditions.  


Proposed plans for in-stream HMP mitigation must demonstrate that these criteria will be met by proving a 
biological report and maps showing the acreage of habitat in pre-and post project conditions, and by 
providing hydraulic and sediment transport analyses that show the following: 
1. For projects larger than 50 acres the analysis should be based on continuous rainfall-runoff modeling, and 


continuous sediment transport capacity modeling.  The analysis should demonstrate that the cumulative 
sediment transport capacity in the proposed channel based on the channel dimensions and watershed 
runoff under post-project conditions is the same or less than the cumulative sediment transport capacity 
for the existing channel based on the channel dimensions and watershed runoff under pre-project 
conditions.  The period of analysis should be the approved rainfall record for the closest appropriate rain 
gauge as found on the www.projectcleanwater.org web site.  


2. For projects smaller than 50 acres the analysis may be based on sediment transport capacity for a series  
of designated runoff events.  The analysis should demonstrate that the sediment transport capacity in the 
proposed channel based on the channel dimensions and watershed runoff under post-project conditions is 
the same or less than the sediment transport capacity for the existing channel based on the channel 
dimensions and watershed runoff under pre-project conditions for the following events: 0.1Q2, Q2  
and Q10. 


Methods for performing this analysis are described below. 


Matching Pre- and Post-Project Cumulative Sediment Transport Capacity 


A key component of any in-channel project will be to quantify and balance the pre- and post-project 
sediment transport regime in channel that are stable under pre-development conditions, and to lower 
sediment transport capacity for channels that are unstable under existing conditions.  This method is 
sometimes referred to as the Erosion Potential method.  There are several potential tools to assess this and 
design the channel to meet these goals, but certain principals must be incorporated in whatever approach 
is used.  


For developments larger than 50 acres the analysis must be based on continuous rainfall-runoff modeling, 
rather than event-based modeling.  This is because research has shown that in most urbanized watersheds 
significant amounts of sediment transport occur during low magnitude, high frequency events (smaller than 
the two-year flow).  Quantification of sediment transport capacity will not capture these processes unless 
continuous rainfall-runoff simulation is used.  Potential models to achieve this include HEC-HMS in 
continuous mode, SWMM, HSPF, and the San Diego Hydrology Model.  Modeling should include at least 
40 years of rainfall data from a nearby rain gauge.  Modeling should include pre- and post-project conditions.  
Output (a time series of flow) should be used to quantify pre- and post-project cumulative sediment transport 
capacity.  This can be achieved in several ways, varying from a simple spreadsheet-based sediment transport 
model to a full one-dimensional hydraulic and sediment transport model such as HEC-RAS (sediment 
transport module), HEC-6, Fluvial-12, or MIKE-11.  The model should simulate the existing and proposed 
channel morphology in sufficient detail to allow analysis of potential modifications to cross sections and 
gradient.  A hypothetical example is described below. 



http://www.projectcleanwater.org/�
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A hypothetical analysis might include modeling the existing watershed land use in HEC-HMS and generating 
a 40-year time series of flow at hourly intervals.  This time series would be the input for a HEC-RAS 
hydraulic and sediment transport model of the existing receiving channel.  The time series would be run  
using a sediment transport equation appropriate to the channel materials, and the cumulative sediment 
transport capacity over 40 years calculated.  The proposed development would then be simulated in HEC-
HMS and the 40-year flow output run through a HEC-RAS model of the proposed in-channel mitigation (for 
example with a lower gradient, in-channel step-pool structures and wider cross section).  Cumulative 
sediment transport capacity would again be calculated.  If the proposed channel-with-project cumulative 
sediment transport capacity was equal to or less than the existing pre-project channel cumulative sediment 
transport capacity then the channel would have met the sediment transport goals.  If the cumulative sediment 
transport capacity was higher the channel design would have to be refined to lower transport rates or some 
flow control would be required in the watershed, until the transport capacities either matched or were lower 
than pre-project condition. 


For developments smaller than 50 acres event based analysis may be used.  The applicant must calculate the 
flows for 0.1Q2, Q2 and Q10 using continuous rainfall-runoff modeling, and determine the sediment transport 
capacity using either a sediment transport model or spreadsheet model.  If the proposed channel has an equal 
or lower sediment transport capacity at all three flows it would meet the sediment transport criteria.  If it did 
not the applicant would need to iteratively vary the channel dimensions or manage runoff until the criteria 
were met.  


Methods of Reducing Sediment Transport Capacity 


It is highly likely that in a watershed experiencing hydromod without significant flow control the sediment 
transport capacity will be greatly increased (commonly by a factor of 5 or more for highly developed 
watersheds) while sediment supply will be reduced.  This will likely require a significant modification in 
channel geometry to bring sediment transport capacity back to pre-project levels.  This can be achieved in 
several ways: 


Slope Reduction by Construction of Step-Pools or Roughened Channels 


Step-pools are vertical or near vertical sections in a channel profile (step) with a flat section that dissipates the 
energy of the step (pool).  A natural feature of upland creeks, step-pools are sometimes built into creek 
rehabilitation projects to concentrate bed elevation loss in a small number of hardened areas where erosion is 
unlikely to occur and allow the remainder of the bed to be designed at a lower gradient that reduces sediment 
transport capacity.  Step-pools can be constructed from uncemented boulders of appropriate size (designed to 
be stable during design flood events such as the 100-year flow), or from soil cement or other hard materials.  
The gradient between steps can be designed to match the EP for the pre-project condition without the need 
for armor, with the difference between the channel’s existing and post-project gradient being taken up in 
vertical steps.  Steps should be designed to meet any relevant fish passage and animal migration requirements 
(e.g., for fish bearing streams steps should be no higher than 3 feet).  


Roughened channels are a similar approach where the elevation loss occurs at armored rock reaches typically 
with a gradient of 10 percent over a few tens of feet (e.g., 3 feet of drop over 30 feet of roughened channel).  
As with step-pools these are employed between longer reaches of un-armored stable channel at a 
lower gradient. 
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Figure 6-6.  Gradient Reduction Using Step-Pool Structures 


Slope Reduction by Sinuosity Increase 


In some cases small reductions in slope can be achieved by increasing sinuosity (ratio of channel distance 
between two points to straight line distance).  For example, a 30 percent reduction in slope can be achieved 
by converting a straight receiving channel into a channel with a sinuosity of 1.3 (typical for a meandering 
channel).  However, it is important to understand that channel sinuosity is a dependent variable that is 
influenced by the valley gradient and the sediment and water regime of the watershed.  As a general rule 
Forcing a channel to a sinuosity that is inappropriately high is likely to lead to subsequent channel avulsion to 
a straighter course.  Channel sinuosity needs to be supported by a geomorphic basis of design that shows the 
proposed form and gradient to be appropriate for the valley slope and sediment and water regime.  This may 
take the form of reference reaches in similar watersheds that have support the proposed morphology over a 
significant period of time, or comparison between the proposed form and typical literature values.  


 


 
Figure 6-7.  Gradient Reduction by Increasing Sinuosity 


 


 


    
           


    
     


 


 


 
Pre-project equilibrium slope 


 Post-project equilibrium slope 


Point of compliance 







Section 6 Hydromodification Management Plan 


 
6-23 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


Increased Width:Depth Ratio 


Sediment transport capacity can be reduced by increasing width:depth ratio for the channel (both low flow 
channel and floodplain).  By spreading flows out over a wider cross section with lower depths, shear stress is 
reduced for any given flow rate.  This approach can be a useful mitigation strategy in incised creeks to bring 
them back to equilibrium conditions once vertical incision has ceased.  However, as with sinuosity, it is 
important to develop a robust geomorphic basis of design that shows the increase in width:depth ratio to be 
sustainable.  For example, for sand bed channels in watersheds where the coarse sediment supply is greatly 
reduced by urbanization, low flows may cut into the bed of an over-widened channel, leading to a positive 
feedback loop of incision and flow concentration.  Proposed designs will need to show (using stable 
analogous reference reaches or analytical methods such as sediment transport analysis) that width:depth ratios 
are sustainable.  


6.3.3 Size Channel for Changed Dominant Discharge 


A mitigated channel is likely to consist of a low flow channel that provides the aquatic functions of the pre-
project channel, and a floodplain corridor that supports the pre-project riparian functions.  The low flow 
channel should be sized to meet the new dominant discharge of the post-project watershed.  In most cases 
this will be a more frequent event than under pre-development conditions.  For example, a low flow channel 
may accommodate the five year flow under pre-development conditions but be sized for the one-two year 
flow under developed conditions.  For large developments, the EP analysis used to determine cumulative 
sediment transport capacity will provide the dominant discharge.  If EP is plotted as a histogram of sediment 
transport capacity binned into flow ranges the flow range that produces the highest sediment transport 
capacity will be the dominant discharge.  The floodplain area of the riparian corridor should be designed so as 
to match the inundation frequencies, areas, and elevations of the pre-project channel.  


6.3.4 Upstream and Downstream Limits of In-Channel Mitigation 
Projects 


It is likely that in-channel mitigation projects will have to be negotiated with permitting agencies on a case by 
case basis due to different site conditions.  However, for guideline purposes we recommend the following 
approach to identifying the limits of in-channel mitigation projects. 


The upstream limit of an in-channel mitigation project will typically be the point of compliance (PoC ; point 
at which stormwater is discharged into the receiving water).  However, as a precaution against potential 
unplanned erosion following a project it is recommended that either the project extend upstream to the next 
grade control, or that grade control be added immediately upstream of the point of compliance.  


The downstream limit of an in-channel project would be the connection to an exempt system (such as the 
confluence with an exempt river system). 


6.3.5 Relationship Between In-Channel HMP Mitigation and Existing 
Permit Requirements 


The HMP does not replace existing permit requirements for in-channel projects.  In addition to meeting  
the HMP requirements, applicants proposing an in-channel mitigation project will likely require the 
following permits: 
 A CEQA/NEPA review and document 
 California Department of Fish and Game – 1602 Streambed Alteration Agreement 
 US Fish and Wildlife Service – Authorization Under the Endangered Species Act 
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 US Army Corps of Engineers – Nationwide 404 Permit  
 Regional Water Quality Control Board – 401 Water Quality Certification 
 County of San Diego – Grading Permit 


These permits have their own requirements that may involve additional studies beyond those 
described above.  


6.4 HMP Design Standards 


6.4.1 Introduction 


This Technical Memorandum details criteria for the analysis and methodology used to assess mitigation of 
hydromodification effects.  As mandated by Regional Water Quality Control Board (RWQCB) Order R9-
2007-0001, San Diego Copermittees must develop criteria for the mitigation of development-related increases 
to peak flows and flow durations within the geomorphically significant flow range.  The purpose of the 
hydromodification management criteria is to prevent development-related changes in storm water runoff 
from causing, or further accelerating, stream channel erosion or other adverse impacts to beneficial 
stream uses.  


Three specific areas are discussed in this memorandum. 
 Partial Duration Series Calculations 
 Drawdown Calculations 
 Offsite Area Restrictions 


Information contained in this memorandum will be incorporated into a Final Technical Reference Document 
in support of the final HMP document. 


6.4.2 Partial Duration Series Calculations 


Preliminary review of continuous simulation hydrologic analyses prepared for multiple project sites 
throughout the County of San Diego indicates the need for partial duration series calculations to determine 
estimated return flow frequencies.  Because of San Diego’s semi-arid climate, in which long periods of time 
can elapse between significant rainfall events, use of the peak annual series tends to unrealistically 
underestimate flow return event values (since only the peak event in any given year is considered in the 
analysis).  This effect is particularly pronounced for more frequent return events such as the 2-year flow and 
the 5-year flow (note: the 2-year flow is the runoff rate which statistically has a 50 percent chance of 
occurrence in any given year).  The partial duration series calculations consider all significant rainfall events in 
the long-term rainfall record (which for the San Diego area corresponds to a minimum historical record of 
hourly rainfall totals for 35 years).  


This partial duration series data provided below were prepared based on a sample project in south San Diego 
County.  Using the Lower Otay Reservoir rainfall gauge as the historical rainfall record, the subsequent 
commentary shows how a partial duration series analysis should be conducted to estimate peak runoff rates 
for frequencies of 2-, 5-, and 10-year recurrence given hydrologic modeling results for hypothetical Basins A, 
B, C and D.   
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6.4.3 Data 


Four modeling files, corresponding to Basins A, B, C and D from a proposed development project, were 
prepared using the HSPF hydrologic modeling software.  Relevant time series were output to WDM files, 
which were named for the modeled basin (e.g., Basin A.wdm).  Two land use conditions were generated: 
 Pre-developed flow in cubic feet per second (cfs) 
 Post-developed (unmitigated) flow in cfs 


Given two flow scenarios (above) and four basins, a total of 8 sets of time series data were identified for flow 
frequency analysis.  Plots of these flow data are included later in this document. 


6.4.4 Analysis 


Each of the 8 time series data files described in the previous section were exported from the WDM file using 
WDM Util.  The exported files were then imported into MatLAB and a previously developed script was used 
to convert the complete duration-time series to a partial duration time series using the criteria shown in  
Table 6-4 below.  


The previously developed partial duration script was developed in association with development of the 
Contra Costa HMP / LID Sizing Tool, which was approved by the San Francisco Regional Water Quality 
Control Board for review of project-specific hydromodification plans (Contra Costa Hydromodification 
Management Plan - May 15, 2005).  Similar methodology is included  in the San Diego HMP / LID 
Sizing Calculator. 


 
Table 6-4.  Partial Duration Series Criteria 


Basin and Scenario Separation Event 
(hours)  


Flow Floor 
(cfs)  Number of Events  


Basin A 
Pre-developed 24 0.1 357 
Post-developed (unmitigated) 24 0.1 620 


Basin B 
Pre-developed 24 0.01 63 
Post-developed (unmitigated) 24 0.1 540 


Basin C 
Pre-developed 24 0.01 73 
Post-developed (unmitigated) 24 0.1 535 


Basin D 
Pre-developed 24 0.1 104 
Post-developed (unmitigated) 24 0.1 558 


The columns listed in Table 6-4 describe criteria detailed below. 
 A separation event, defined as time period in which runoff does not exceed a prescribed threshold, is 


required to parse the long-term flow records into discrete runoff events.  The separation event 
corresponds to the required number of consecutive time intervals (hours in this case because the long-
term rainfall records were prepared in hourly time steps) with a flow value less than Flow Floor 1 (which 
is calculated as an artificially low flow value based on a fraction of the contributing watershed areas – for 
instance, the flow floor could correspond to ratios in the range of 0.002 cfs/acre to 0.005 cfs/acre).  


 Flow Floor 1 is the maximum value for the inter-event time period (allows for separation of events).  In 
other words, if no flow value exceeds the Flow Floor 1 value for a time equal to or greater than the 
Separation Event, then the preceding runoff event is viewed as a discrete runoff event.  Flow Floor 1 is 
typically set as an artificially low flow value based on a fraction of the contributing watershed area. 
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 Flow Floor 1 is also the minimum value for the rainfall event.  In other words, if no flow value in the 
event exceeds Flow Floor 1, then the minor runoff is not considered a discrete runoff event.  


 Number of events corresponds to the total number of discrete runoff events generated for the long-term 
rainfall record.  As noted in Table 6-4 and graphically depicted in the figures at the end of this section, 
impervious area addition associated with development dramatically increases the number of discrete 
runoff events for the sample basins. 


The partial duration series data were ranked and the plotted using the Cunnane equation for plotting return 
frequency.  The Cunnane equation documentation can be referenced in the “Handbook of Hydrology” by 
David R. Maidment, published in 1994 (Table 18.3.1). 


6.4.5 Results 


Flow frequency plots are included later in this document.  Flow frequency estimates were obtained from these 
plots for the 2-, 5-, and 10-year recurrence intervals.  The results are summarized in Table 6-5. 


 
Table 6-5.  Flow Frequency by Partial Duration Series Analysis 


Basin and Scenario 
Peak Runoff (cfs) by Recurrence Interval 


2-year 5-year 10-year 


Basin A 
Pre-developed 1.2 3.1 6.3 
Post-developed (Unmitigated) 4.8 6.9 8.8 


Basin B 
Pre-developed 0.2 0.6 1.2 
Post-developed (Unmitigated) 1.2 2.0 2.4 


Basin C 
Pre-developed 0.2 0.9 1.8 
Post-developed (Unmitigated) 1.5 2.5 3.0 


Basin D 
Pre-developed 0.5 1.2 2.5 
Post-developed (Unmitigated) 1.4 2.0 2.5 


 


As shown in Figures 6-8 and 6-9, impervious area increases associated with proposed development 
dramatically increases the frequency and intensity of flows throughout the rainfall record.  While the scenario 
modeled above depicts a worst-case scenario where undeveloped land is converted to highly impervious 
industrial land, similar but less pronounced increases to flow frequency and peak flows would be expected for 
other development types.  The degree of change is dependent on the degree of impervious areas and 
landform modification. 
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Figure 6-8.  Pre-Developed Flow Time Series for Basin A 


 
Figure 6-9.  Post-Developed (unmitigated) Flow Time Series for Basin A 


As shown in Figures 6-10 and 6-11, increases in impervious areas associated with development create a 
significant flow regime change for the full range of flows.  These changes are most pronounced for frequent 
flow events.  As detailed on the figures, development would increase the 1-year pre-project flow of 0.5 cfs to 
a 1-year post-project flow of 3.0 cfs.  At the 5-year event, the pre-project flow is 3 cfs while the post-project 
flow increases to 7 cfs.  At the 10-year event, the pre-project is 6.5 cfs while the post-project flow is 9 cfs.  


 







Section 6 Hydromodification Management Plan 


 
6-28 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


 
Figure 6-10.  Pre-Developed Flow Frequency Basin A 


 
Figure 6-11.  Post-Developed (Unmitigated) Flow Frequency Basin A 


6.4.6 Drawdown Calculations 


Per instruction from the County of San Diego’s Department of Environmental Health (DEH), the drawdown 
time in hydromodification flow control facilities, as well as other flow control facilities such as peak flow 
attenuation detention basins and water quality extended detention basins, shall be limited to 96 hours.  This 
restriction was implemented as mitigation to potential vector breeding issues and the subsequent risk to 
human health.  The standard applies to, but is not limited to, the following flow control facilities: 
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 Detention basins (extended detention and peak flow attenuation) 
 Underground storage vaults 
 Above-ground storage area in LID facilities 


As is the case for peak flow attenuation detention basins and water quality extended detention basins, the 
drawdown time for hydromodification flow control facilities can be calculated by assuming a starting water 
surface elevation coincident with the peak operating level in the facility (such as the elevation at the riser 
overflow or emergency spillway overflow).  


Using a hydrologic computer program such HEC-HMS or other public domain software, the basin’s 
dewatering time can be determined given the basin’s stage-storage and stage-discharge information.  Provided 
that the basin has completely dewatered after 96 hours, the basin is considered to meet the drawdown criteria. 


If an applicant cannot achieve the 96-hour drawdown requirement, a vector management plan may be an 
acceptable alternative if approved by the governing municipality. 


For extended detention  flow control facilities, protective fencing may be required to address safety concerns 
associated with the extended duration of ponded water. Specifications regarding protective fencing 
requirements will be determined by each individual Copermittee. If a riser is installed in the basin, it is 
assumed that flows would exit the basin via a small orifice or a series of orifices cut into the side of the riser.  
To prevent clogging, debris capture devices should be designed to protect the principal outflow orifice.  
Failure to prevent clogging could actually make downstream erosion problems worse, since basin inflows 
would simply overtop the riser and flow unattenuated downstream. 


6.4.7 Offsite Area Restrictions 


Runoff from offsite areas should be routed around hydromodification flow control facilities.  This is required 
because of the following: 
 Offsite areas containing sediment should be allowed to pass to the receiving channel to maintain the 


natural sediment balance in the receiving conveyance system.  This is especially true when the offsite area 
contains significant loads of coarse sediment.  Capture and removal of natural sediment from the 
downstream watercourse can create “hungry water” conditions and the increased potential for 
downstream erosion.  The “hungry water” phenomenon occurs when the natural sediment load decreases 
and the erosive force of the runoff increases as a natural counterbalance, as described by Lane’s Equation. 


 The addition of runoff from offsite areas to a hydromodification flow control facility increases the total 
runoff volume to the basin, which increases the required water quality treatment volume as well as the 
hydromodification and peak flow attenuation design peak inflows to the basin. 


If geometric constraints prohibit the rerouting of flows around a hydromodification flow control facility, then 
a detailed description of the constraints should be submitted to the governing municipality.  Methods to route 
flows around flow control facilities include the addition of parallel storm drain systems and by simply 
designing the site to avoid natural drainage courses. It is assumed that off-site runoff would be separated 
from site runoff. If this is not the case, then the governing municipality should be consulted to further refine 
the points of compliance for the site (an interior project site point of compliance could be required in such 
a scenario). 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


7 .  S E L E C T I O N  A N D  I M P L E M E N T A T I O N  O F  B M P S  


7.1 BMP Selection Criteria 
As detailed in Permit Section D.1.d(4), LID BMPs should be implemented where feasible.  Selection of the 
appropriate flow control treatment device will depend on the susceptibility of the receiving channel, geologic 
conditions in the area surrounding the proposed mitigation facility, impacts of the proposed development, 
and water quality sensitivity of the receiving streams.  


Use of LID BMPs minimizes the impacts of urban runoff discharges to receiving waters by collectively 
minimizing directly connected impervious areas.  By directing urban runoff to landscaped areas, LID BMPs 
help restore the pre-development condition hydrologic cycle of the site, allowing for filtration and infiltration 
of urban runoff which can significantly reduce post-development peak runoff rates, velocities, volumes, and 
pollutant loadings in urban runoff. 


The San Diego HMP encourages the use of LID facilities for the dual treatment of the 85th percentile water 
quality event as well as hydromodification mitigation flow control.  When LID facilities are used for both 
functions, they are known as Integrated Management Practices. 


Unless specifically deemed infeasible, LID practices are encouraged to be implemented on the vast majority 
of proposed development sites to meet hydromodification criteria.  Defining the infiltration potential of a site 
is recommended to provide for sound engineering design.  In some cases, infiltration to native soils may not 
be feasible.  These situations include the following: 
 Underlying native soils with very low infiltration rates (clay soils, etc.) 
 Lenses beneath soil layers that cause lateral migration of flows 
 Potential for structural foundation or roadway damage from infiltrated runoff 
 High groundwater table  


Even if infiltration is shown to be infeasible, LID facilities can be designed as filtration-type or evaporation-
type facilities instead of infiltration-based facilities.  Filtration type facilities, such as bioretention basins, can 
be implemented through the use of amended soils.  In some cases, LID approaches may need to be 
implemented in series or in combination with an extended detention type approach to satisfy vector control 
and hydromodification criteria. 


To assure compliance with hydromodification flow control requirements, design criteria and specifications 
have been provided in the San Diego Model SUSMP for a variety of LID-based flow control methods 
including the following: 
 Bioretention basins 
 Flow-through planter boxes 
 Infiltration facilities 
 Bioretention in series with a cistern 
 Bioretention in series with an underground vault 
 Self-retaining areas.  
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Sizing factors have been developed by the consultant team through the use of continuous simulation 
hydrologic modeling and these factors will be built into the San Diego LID/HMP Sizing Calculator to assist 
with HMP implementation.  Sizing factors are ratios of the required mitigation size (in area or volume) as 
compared to the contributing developed area.  The same concepts used to develop sizing factors in Contra 
Costa County are being used to develop sizing factors based on conditions in the San Diego area.  Tables 7-1 
through 7-5 detail sizing factors which have been determined to ensure compliance with peak flow and flow 
duration criteria as outlined in this HMP. 


 
Table 7-1. Sizing Factors for Bioretention Facilities 


Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Flat Lindbergh 0.060 0.0500 N/A 


0.5Q2 A Moderate Lindbergh 0.055 0.0458 N/A 


0.5Q2 A Steep Lindbergh 0.045 0.0375 N/A 


0.5Q2 B Flat Lindbergh 0.093 0.0771 N/A 


0.5Q2 B Moderate Lindbergh 0.085 0.0708 N/A 


0.5Q2 B Steep Lindbergh 0.065 0.0542 N/A 


0.5Q2 C Flat Lindbergh 0.100 0.0833 0.0600 


0.5Q2 C Moderate Lindbergh 0.100 0.0833 0.0600 


0.5Q2 C Steep Lindbergh 0.075 0.0625 0.0450 


0.5Q2 D Flat Lindbergh 0.080 0.0667 0.0480 


0.5Q2 D Moderate Lindbergh 0.080 0.0667 0.0480 


0.5Q2 D Steep Lindbergh 0.060 0.0500 0.0360 


0.5Q2 A Flat Oceanside 0.070 0.0583 N/A 


0.5Q2 A Moderate Oceanside 0.065 0.0542 N/A 


0.5Q2 A Steep Oceanside 0.060 0.0500 N/A 


0.5Q2 B Flat Oceanside 0.098 0.0813 N/A 


0.5Q2 B Moderate Oceanside 0.090 0.0750 N/A 


0.5Q2 B Steep Oceanside 0.075 0.0625 N/A 


0.5Q2 C Flat Oceanside 0.075 0.0625 0.0450 


0.5Q2 C Moderate Oceanside 0.075 0.0625 0.0450 


0.5Q2 C Steep Oceanside 0.060 0.0500 0.0360 


0.5Q2 D Flat Oceanside 0.065 0.0542 0.0390 


0.5Q2 D Moderate Oceanside 0.065 0.0542 0.0390 


0.5Q2 D Steep Oceanside 0.050 0.0417 0.0300 


0.5Q2 A Flat L Wohlford 0.050 0.0417 N/A 


0.5Q2 A Moderate L Wohlford 0.045 0.0375 N/A 


0.5Q2 A Steep L Wohlford 0.040 0.0333 N/A 


0.5Q2 B Flat L Wohlford 0.048 0.0396 N/A 


0.5Q2 B Moderate L Wohlford 0.045 0.0375 N/A 


0.5Q2 B Steep L Wohlford 0.040 0.0333 N/A 
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Table 7-1. Sizing Factors for Bioretention Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 C Flat L Wohlford 0.065 0.0542 0.0390 


0.5Q2 C Moderate L Wohlford 0.065 0.0542 0.0390 


0.5Q2 C Steep L Wohlford 0.050 0.0417 0.0300 


0.5Q2 D Flat L Wohlford 0.055 0.0458 0.0330 


0.5Q2 D Moderate L Wohlford 0.055 0.0458 0.0330 


0.5Q2 D Steep L Wohlford 0.045 0.0375 0.0270 


0.3Q2 A Flat Lindbergh 0.060 0.0500 N/A 


0.3Q2 A Moderate Lindbergh 0.055 0.0458 N/A 


0.3Q2 A Steep Lindbergh 0.045 0.0375 N/A 


0.3Q2 B Flat Lindbergh 0.098 0.0813 N/A 


0.3Q2 B Moderate Lindbergh 0.090 0.0750 N/A 


0.3Q2 B Steep Lindbergh 0.070 0.0583 N/A 


0.3Q2 C Flat Lindbergh 0.110 0.0917 0.0660 


0.3Q2 C Moderate Lindbergh 0.110 0.0917 0.0660 


0.3Q2 C Steep Lindbergh 0.085 0.0708 0.0510 


0.3Q2 D Flat Lindbergh 0.100 0.0833 0.0600 


0.3Q2 D Moderate Lindbergh 0.100 0.0833 0.0600 


0.3Q2 D Steep Lindbergh 0.070 0.0583 0.0420 


0.3Q2 A Flat Oceanside 0.070 0.0583 N/A 


0.3Q2 A Moderate Oceanside 0.065 0.0542 N/A 


0.3Q2 A Steep Oceanside 0.060 0.0500 N/A 


0.3Q2 B Flat Oceanside 0.098 0.0813 N/A 


0.3Q2 B Moderate Oceanside 0.090 0.0750 N/A 


0.3Q2 B Steep Oceanside 0.075 0.0625 N/A 


0.3Q2 C Flat Oceanside 0.100 0.0833 0.0600 


0.3Q2 C Moderate Oceanside 0.100 0.0833 0.0600 


0.3Q2 C Steep Oceanside 0.080 0.0667 0.0480 


0.3Q2 D Flat Oceanside 0.085 0.0708 0.0510 


0.3Q2 D Moderate Oceanside 0.085 0.0708 0.0510 


0.3Q2 D Steep Oceanside 0.065 0.0542 0.0390 


0.3Q2 A Flat L Wohlford 0.050 0.0417 N/A 


0.3Q2 A Moderate L Wohlford 0.045 0.0375 N/A 


0.3Q2 A Steep L Wohlford 0.040 0.0333 N/A 


0.3Q2 B Flat L Wohlford 0.060 0.0500 N/A 


0.3Q2 B Moderate L Wohlford 0.055 0.0458 N/A 


0.3Q2 B Steep L Wohlford 0.045 0.0375 N/A 


0.3Q2 C Flat L Wohlford 0.075 0.0625 0.0450 
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Table 7-1. Sizing Factors for Bioretention Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.3Q2 C Moderate L Wohlford 0.075 0.0625 0.0450 


0.3Q2 C Steep L Wohlford 0.060 0.0500 0.0360 


0.3Q2 D Flat L Wohlford 0.065 0.0542 0.0390 


0.3Q2 D Moderate L Wohlford 0.065 0.0542 0.0390 


0.3Q2 D Steep L Wohlford 0.050 0.0417 0.0300 


0.1Q2 A Flat Lindbergh 0.060 0.0500 N/A 


0.1Q2 A Moderate Lindbergh 0.055 0.0458 N/A 


0.1Q2 A Steep Lindbergh 0.045 0.0375 N/A 


0.1Q2 B Flat Lindbergh 0.100 0.0833 N/A 


0.1Q2 B Moderate Lindbergh 0.095 0.0792 N/A 


0.1Q2 B Steep Lindbergh 0.080 0.0667 N/A 


0.1Q2 C Flat Lindbergh 0.145 0.1208 0.0870 


0.1Q2 C Moderate Lindbergh 0.145 0.1208 0.0870 


0.1Q2 C Steep Lindbergh 0.120 0.1000 0.0720 


0.1Q2 D Flat Lindbergh 0.160 0.1333 0.0960 


0.1Q2 D Moderate Lindbergh 0.160 0.1333 0.0960 


0.1Q2 D Steep Lindbergh 0.115 0.0958 0.0690 


0.1Q2 A Flat Oceanside 0.070 0.0583 N/A 


0.1Q2 A Moderate Oceanside 0.065 0.0542 N/A 


0.1Q2 A Steep Oceanside 0.060 0.0500 N/A 


0.1Q2 B Flat Oceanside 0.103 0.0854 N/A 


0.1Q2 B Moderate Oceanside 0.090 0.0750 N/A 


0.1Q2 B Steep Oceanside 0.075 0.0625 N/A 


0.1Q2 C Flat Oceanside 0.130 0.1083 0.0780 


0.1Q2 C Moderate Oceanside 0.130 0.1083 0.0780 


0.1Q2 C Steep Oceanside 0.110 0.0917 0.0660 


0.1Q2 D Flat Oceanside 0.130 0.1083 0.0780 


0.1Q2 D Moderate Oceanside 0.130 0.1083 0.0780 


0.1Q2 D Steep Oceanside 0.065 0.0542 0.0390 


0.1Q2 A Flat L Wohlford 0.050 0.0417 N/A 


0.1Q2 A Moderate L Wohlford 0.045 0.0375 N/A 


0.1Q2 A Steep L Wohlford 0.040 0.0333 N/A 


0.1Q2 B Flat L Wohlford 0.090 0.0750 N/A 


0.1Q2 B Moderate L Wohlford 0.085 0.0708 N/A 


0.1Q2 B Steep L Wohlford 0.065 0.0542 N/A 


0.1Q2 C Flat L Wohlford 0.110 0.0917 0.0660 


0.1Q2 C Moderate L Wohlford 0.110 0.0917 0.0660 
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Table 7-1. Sizing Factors for Bioretention Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.1Q2 C Steep L Wohlford 0.090 0.0750 0.0540 


0.1Q2 D Flat L Wohlford 0.100 0.0833 0.0600 


0.1Q2 D Moderate L Wohlford 0.100 0.0833 0.0600 


0.1Q2 D Steep L Wohlford 0.075 0.0625 0.0450 


Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
Q10 = 10-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
A = Surface area sizing factor 
V1 = Surface volume sizing factor 
V2 = Subsurface volume sizing factor 
 


Table 7-2.  Sizing Factors for Bioretention Plus Cistern Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Flat Lindbergh 0.020 0.1200 N/A 


0.5Q2 A Moderate Lindbergh 0.020 0.1000 N/A 


0.5Q2 A Steep Lindbergh 0.020 0.1000 N/A 


0.5Q2 B Flat Lindbergh 0.020 0.3900 N/A 


0.5Q2 B Moderate Lindbergh 0.020 0.2000 N/A 


0.5Q2 B Steep Lindbergh 0.020 0.1200 N/A 


0.5Q2 C Flat Lindbergh 0.020 0.1200 N/A 


0.5Q2 C Moderate Lindbergh 0.020 0.1200 N/A 


0.5Q2 C Steep Lindbergh 0.020 0.1000 N/A 


0.5Q2 D Flat Lindbergh 0.020 0.1000 N/A 


0.5Q2 D Moderate Lindbergh 0.020 0.1000 N/A 


0.5Q2 D Steep Lindbergh 0.030 0.0800 N/A 


0.5Q2 A Flat Oceanside 0.020 0.1600 N/A 


0.5Q2 A Moderate Oceanside 0.020 0.1400 N/A 


0.5Q2 A Steep Oceanside 0.030 0.1200 N/A 


0.5Q2 B Flat Oceanside 0.020 0.1900 N/A 


0.5Q2 B Moderate Oceanside 0.025 0.1600 N/A 


0.5Q2 B Steep Oceanside 0.035 0.1400 N/A 


0.5Q2 C Flat Oceanside 0.030 0.1400 N/A 


0.5Q2 C Moderate Oceanside 0.035 0.1400 N/A 


0.5Q2 C Steep Oceanside 0.040 0.1200 N/A 


0.5Q2 D Flat Oceanside 0.035 0.1200 N/A 


0.5Q2 D Moderate Oceanside 0.040 0.1200 N/A 


0.5Q2 D Steep Oceanside 0.040 0.1000 N/A 


0.5Q2 A Flat L Wohlford 0.025 0.1800 N/A 


0.5Q2 A Moderate L Wohlford 0.040 0.1400 N/A 
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Table 7-2.  Sizing Factors for Bioretention Plus Cistern Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Steep L Wohlford 0.040 0.0800 N/A 


0.5Q2 B Flat L Wohlford 0.040 0.2100 N/A 


0.5Q2 B Moderate L Wohlford 0.040 0.2000 N/A 


0.5Q2 B Steep L Wohlford 0.040 0.1400 N/A 


0.5Q2 C Flat L Wohlford 0.040 0.1400 N/A 


0.5Q2 C Moderate L Wohlford 0.040 0.1400 N/A 


0.5Q2 C Steep L Wohlford 0.040 0.1000 N/A 


0.5Q2 D Flat L Wohlford 0.040 0.1000 N/A 


0.5Q2 D Moderate L Wohlford 0.040 0.1000 N/A 


0.5Q2 D Steep L Wohlford 0.040 0.0800 N/A 


0.3Q2 A Flat Lindbergh 0.020 0.1200 N/A 


0.3Q2 A Moderate Lindbergh 0.020 0.1000 N/A 


0.3Q2 A Steep Lindbergh 0.020 0.1000 N/A 


0.3Q2 B Flat Lindbergh 0.020 0.5900 N/A 


0.3Q2 B Moderate Lindbergh 0.020 0.3600 N/A 


0.3Q2 B Steep Lindbergh 0.020 0.1800 N/A 


0.3Q2 C Flat Lindbergh 0.020 0.1800 N/A 


0.3Q2 C Moderate Lindbergh 0.020 0.1800 N/A 


0.3Q2 C Steep Lindbergh 0.020 0.1400 N/A 


0.3Q2 D Flat Lindbergh 0.020 0.1400 N/A 


0.3Q2 D Moderate Lindbergh 0.020 0.1400 N/A 


0.3Q2 D Steep Lindbergh 0.020 0.0800 N/A 


0.3Q2 A Flat Oceanside 0.020 0.1600 N/A 


0.3Q2 A Moderate Oceanside 0.020 0.1400 N/A 


0.3Q2 A Steep Oceanside 0.020 0.1200 N/A 


0.3Q2 B Flat Oceanside 0.020 0.2200 N/A 


0.3Q2 B Moderate Oceanside 0.020 0.1800 N/A 


0.3Q2 B Steep Oceanside 0.020 0.1600 N/A 


0.3Q2 C Flat Oceanside 0.020 0.1600 N/A 


0.3Q2 C Moderate Oceanside 0.020 0.1600 N/A 


0.3Q2 C Steep Oceanside 0.025 0.1400 N/A 


0.3Q2 D Flat Oceanside 0.020 0.1400 N/A 


0.3Q2 D Moderate Oceanside 0.025 0.1400 N/A 


0.3Q2 D Steep Oceanside 0.030 0.1200 N/A 


0.3Q2 A Flat L Wohlford 0.020 0.1800 N/A 


0.3Q2 A Moderate L Wohlford 0.025 0.1400 N/A 


0.3Q2 A Steep L Wohlford 0.030 0.0800 N/A 
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Table 7-2.  Sizing Factors for Bioretention Plus Cistern Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.3Q2 B Flat L Wohlford 0.025 0.2600 N/A 


0.3Q2 B Moderate L Wohlford 0.025 0.2400 N/A 


0.3Q2 B Steep L Wohlford 0.030 0.1800 N/A 


0.3Q2 C Flat L Wohlford 0.030 0.1800 N/A 


0.3Q2 C Moderate L Wohlford 0.030 0.1800 N/A 


0.3Q2 C Steep L Wohlford 0.035 0.1400 N/A 


0.3Q2 D Flat L Wohlford 0.030 0.1400 N/A 


0.3Q2 D Moderate L Wohlford 0.035 0.1400 N/A 


0.3Q2 D Steep L Wohlford 0.040 0.1000 N/A 


0.1Q2 A Flat Lindbergh 0.020 0.1200 N/A 


0.1Q2 A Moderate Lindbergh 0.020 0.1000 N/A 


0.1Q2 A Steep Lindbergh 0.020 0.1000 N/A 


0.1Q2 B Flat Lindbergh 0.020 0.5400 N/A 


0.1Q2 B Moderate Lindbergh 0.020 0.7800 N/A 


0.1Q2 B Steep Lindbergh 0.020 0.3400 N/A 


0.1Q2 C Flat Lindbergh 0.020 0.3600 N/A 


0.1Q2 C Moderate Lindbergh 0.020 0.3600 N/A 


0.1Q2 C Steep Lindbergh 0.020 0.2400 N/A 


0.1Q2 D Flat Lindbergh 0.020 0.2600 N/A 


0.1Q2 D Moderate Lindbergh 0.020 0.2600 N/A 


0.1Q2 D Steep Lindbergh 0.020 0.1600 N/A 


0.1Q2 A Flat Oceanside 0.020 0.1600 N/A 


0.1Q2 A Moderate Oceanside 0.020 0.1400 N/A 


0.1Q2 A Steep Oceanside 0.020 0.1200 N/A 


0.1Q2 B Flat Oceanside 0.020 0.5100 N/A 


0.1Q2 B Moderate Oceanside 0.020 0.3400 N/A 


0.1Q2 B Steep Oceanside 0.020 0.2400 N/A 


0.1Q2 C Flat Oceanside 0.020 0.2600 N/A 


0.1Q2 C Moderate Oceanside 0.020 0.2600 N/A 


0.1Q2 C Steep Oceanside 0.020 0.2000 N/A 


0.1Q2 D Flat Oceanside 0.020 0.2000 N/A 


0.1Q2 D Moderate Oceanside 0.020 0.2000 N/A 


0.1Q2 D Steep Oceanside 0.020 0.1800 N/A 


0.1Q2 A Flat L Wohlford 0.020 0.1800 N/A 


0.1Q2 A Moderate L Wohlford 0.020 0.1400 N/A 


0.1Q2 A Steep L Wohlford 0.020 0.0800 N/A 


0.1Q2 B Flat L Wohlford 0.020 0.4400 N/A 
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Table 7-2.  Sizing Factors for Bioretention Plus Cistern Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.1Q2 B Moderate L Wohlford 0.020 0.4000 N/A 


0.1Q2 B Steep L Wohlford 0.020 0.3200 N/A 


0.1Q2 C Flat L Wohlford 0.020 0.3200 N/A 


0.1Q2 C Moderate L Wohlford 0.020 0.3200 N/A 


0.1Q2 C Steep L Wohlford 0.020 0.2200 N/A 


0.1Q2 D Flat L Wohlford 0.020 0.2400 N/A 


0.1Q2 D Moderate L Wohlford 0.020 0.2400 N/A 


0.1Q2 D Steep L Wohlford 0.020 0.1800 N/A 


Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
Q10 = 10-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
A = Bioretention surface area sizing factor 
V1 = Cistern volume sizing factor 


 
Table 7-3.  Sizing Factors for Bioretention Plus Vault Facilities 


Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Flat Lindbergh N/A N/A N/A 


0.5Q2 A Moderate Lindbergh N/A N/A N/A 


0.5Q2 A Steep Lindbergh N/A N/A N/A 


0.5Q2 B Flat Lindbergh 0.040 0.3600 N/A 


0.5Q2 B Moderate Lindbergh 0.040 0.2400 N/A 


0.5Q2 B Steep Lindbergh 0.040 0.1400 N/A 


0.5Q2 C Flat Lindbergh 0.040 0.1600 N/A 


0.5Q2 C Moderate Lindbergh 0.040 0.1600 N/A 


0.5Q2 C Steep Lindbergh 0.040 0.1200 N/A 


0.5Q2 D Flat Lindbergh 0.040 0.1400 N/A 


0.5Q2 D Moderate Lindbergh 0.040 0.1400 N/A 


0.5Q2 D Steep Lindbergh 0.040 0.1000 N/A 


0.5Q2 A Flat Oceanside N/A N/A N/A 


0.5Q2 A Moderate Oceanside N/A N/A N/A 


0.5Q2 A Steep Oceanside N/A N/A N/A 


0.5Q2 B Flat Oceanside 0.040 0.2100 N/A 


0.5Q2 B Moderate Oceanside 0.040 0.1800 N/A 


0.5Q2 B Steep Oceanside 0.040 0.1400 N/A 


0.5Q2 C Flat Oceanside 0.040 0.1400 N/A 


0.5Q2 C Moderate Oceanside 0.040 0.1400 N/A 


0.5Q2 C Steep Oceanside 0.040 0.1200 N/A 


0.5Q2 D Flat Oceanside 0.040 0.1400 N/A 
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Table 7-3.  Sizing Factors for Bioretention Plus Vault Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 D Moderate Oceanside 0.040 0.1400 N/A 


0.5Q2 D Steep Oceanside 0.040 0.1200 N/A 


0.5Q2 A Flat L Wohlford N/A N/A N/A 


0.5Q2 A Moderate L Wohlford N/A N/A N/A 


0.5Q2 A Steep L Wohlford N/A N/A N/A 


0.5Q2 B Flat L Wohlford 0.040 0.2600 N/A 


0.5Q2 B Moderate L Wohlford 0.040 0.2200 N/A 


0.5Q2 B Steep L Wohlford 0.040 0.1200 N/A 


0.5Q2 C Flat L Wohlford 0.040 0.1400 N/A 


0.5Q2 C Moderate L Wohlford 0.040 0.1400 N/A 


0.5Q2 C Steep L Wohlford 0.040 0.1000 N/A 


0.5Q2 D Flat L Wohlford 0.040 0.1200 N/A 


0.5Q2 D Moderate L Wohlford 0.040 0.1200 N/A 


0.5Q2 D Steep L Wohlford 0.040 0.0800 N/A 


0.3Q2 A Flat Lindbergh N/A N/A N/A 


0.3Q2 A Moderate Lindbergh N/A N/A N/A 


0.3Q2 A Steep Lindbergh N/A N/A N/A 


0.3Q2 B Flat Lindbergh 0.040 0.4500 N/A 


0.3Q2 B Moderate Lindbergh 0.040 0.3200 N/A 


0.3Q2 B Steep Lindbergh 0.040 0.1800 N/A 


0.3Q2 C Flat Lindbergh 0.040 0.1800 N/A 


0.3Q2 C Moderate Lindbergh 0.040 0.1800 N/A 


0.3Q2 C Steep Lindbergh 0.040 0.1400 N/A 


0.3Q2 D Flat Lindbergh 0.040 0.1600 N/A 


0.3Q2 D Moderate Lindbergh 0.040 0.1600 N/A 


0.3Q2 D Steep Lindbergh 0.040 0.1200 N/A 


0.3Q2 A Flat Oceanside N/A N/A N/A 


0.3Q2 A Moderate Oceanside N/A N/A N/A 


0.3Q2 A Steep Oceanside N/A N/A N/A 


0.3Q2 B Flat Oceanside 0.040 0.2500 N/A 


0.3Q2 B Moderate Oceanside 0.040 0.2000 N/A 


0.3Q2 B Steep Oceanside 0.040 0.1600 N/A 


0.3Q2 C Flat Oceanside 0.040 0.1600 N/A 


0.3Q2 C Moderate Oceanside 0.040 0.1600 N/A 


0.3Q2 C Steep Oceanside 0.040 0.1400 N/A 


0.3Q2 D Flat Oceanside 0.040 0.1400 N/A 


0.3Q2 D Moderate Oceanside 0.040 0.1400 N/A 







Section 7 Hydromodification Management Plan 


 
7-10 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


Table 7-3.  Sizing Factors for Bioretention Plus Vault Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.3Q2 D Steep Oceanside 0.040 0.1200 N/A 


0.3Q2 A Flat L Wohlford N/A N/A N/A 


0.3Q2 A Moderate L Wohlford N/A N/A N/A 


0.3Q2 A Steep L Wohlford N/A N/A N/A 


0.3Q2 B Flat L Wohlford 0.040 0.2900 N/A 


0.3Q2 B Moderate L Wohlford 0.040 0.2600 N/A 


0.3Q2 B Steep L Wohlford 0.040 0.1600 N/A 


0.3Q2 C Flat L Wohlford 0.040 0.1600 N/A 


0.3Q2 C Moderate L Wohlford 0.040 0.1600 N/A 


0.3Q2 C Steep L Wohlford 0.040 0.1200 N/A 


0.3Q2 D Flat L Wohlford 0.040 0.1200 N/A 


0.3Q2 D Moderate L Wohlford 0.040 0.1200 N/A 


0.3Q2 D Steep L Wohlford 0.040 0.0800 N/A 


0.1Q2 A Flat Lindbergh N/A N/A N/A 


0.1Q2 A Moderate Lindbergh N/A N/A N/A 


0.1Q2 A Steep Lindbergh N/A N/A N/A 


0.1Q2 B Flat Lindbergh 0.040 0.5900 N/A 


0.1Q2 B Moderate Lindbergh 0.040 0.5000 N/A 


0.1Q2 B Steep Lindbergh 0.040 0.3200 N/A 


0.1Q2 C Flat Lindbergh 0.040 0.3400 N/A 


0.1Q2 C Moderate Lindbergh 0.040 0.3400 N/A 


0.1Q2 C Steep Lindbergh 0.040 0.2400 N/A 


0.1Q2 D Flat Lindbergh 0.040 0.2600 N/A 


0.1Q2 D Moderate Lindbergh 0.040 0.2600 N/A 


0.1Q2 D Steep Lindbergh 0.040 0.1800 N/A 


0.1Q2 A Flat Oceanside N/A N/A N/A 


0.1Q2 A Moderate Oceanside N/A N/A N/A 


0.1Q2 A Steep Oceanside N/A N/A N/A 


0.1Q2 B Flat Oceanside 0.040 0.4300 N/A 


0.1Q2 B Moderate Oceanside 0.040 0.3400 N/A 


0.1Q2 B Steep Oceanside 0.040 0.2400 N/A 


0.1Q2 C Flat Oceanside 0.040 0.2600 N/A 


0.1Q2 C Moderate Oceanside 0.040 0.2600 N/A 


0.1Q2 C Steep Oceanside 0.040 0.2000 N/A 


0.1Q2 D Flat Oceanside 0.040 0.2200 N/A 


0.1Q2 D Moderate Oceanside 0.040 0.2200 N/A 


0.1Q2 D Steep Oceanside 0.040 0.1600 N/A 
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Table 7-3.  Sizing Factors for Bioretention Plus Vault Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.1Q2 A Flat L Wohlford N/A N/A N/A 


0.1Q2 A Moderate L Wohlford N/A N/A N/A 


0.1Q2 A Steep L Wohlford N/A N/A N/A 


0.1Q2 B Flat L Wohlford 0.040 0.4300 N/A 


0.1Q2 B Moderate L Wohlford 0.040 0.3800 N/A 


0.1Q2 B Steep L Wohlford 0.040 0.2800 N/A 


0.1Q2 C Flat L Wohlford 0.040 0.2800 N/A 


0.1Q2 C Moderate L Wohlford 0.040 0.2800 N/A 


0.1Q2 C Steep L Wohlford 0.040 0.2000 N/A 


0.1Q2 D Flat L Wohlford 0.040 0.2200 N/A 


0.1Q2 D Moderate L Wohlford 0.040 0.2200 N/A 


0.1Q2 D Steep L Wohlford 0.040 0.1400 N/A 


Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
Q10 = 10-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
A = Bioretention surface area sizing factor 
V1 = Cistern volume sizing factor 


 
Table 7-4.  Sizing Factors for Flow-Through Planters 


Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Flat Lindbergh N/A N/A N/A 
0.5Q2 A Moderate Lindbergh N/A N/A N/A 
0.5Q2 A Steep Lindbergh N/A N/A N/A 
0.5Q2 B Flat Lindbergh N/A N/A N/A 
0.5Q2 B Moderate Lindbergh N/A N/A N/A 
0.5Q2 B Steep Lindbergh N/A N/A N/A 
0.5Q2 C Flat Lindbergh 0.115 0.0958 0.0690 
0.5Q2 C Moderate Lindbergh 0.115 0.0958 0.0690 
0.5Q2 C Steep Lindbergh 0.080 0.0667 0.0480 
0.5Q2 D Flat Lindbergh 0.085 0.0708 0.0510 
0.5Q2 D Moderate Lindbergh 0.085 0.0708 0.0510 
0.5Q2 D Steep Lindbergh 0.065 0.0542 0.0390 
0.5Q2 A Flat Oceanside N/A N/A N/A 
0.5Q2 A Moderate Oceanside N/A N/A N/A 
0.5Q2 A Steep Oceanside N/A N/A N/A 
0.5Q2 B Flat Oceanside N/A N/A N/A 
0.5Q2 B Moderate Oceanside N/A N/A N/A 
0.5Q2 B Steep Oceanside N/A N/A N/A 
0.5Q2 C Flat Oceanside 0.075 0.0625 0.0450 
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Table 7-4.  Sizing Factors for Flow-Through Planters 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 C Moderate Oceanside 0.075 0.0625 0.0450 
0.5Q2 C Steep Oceanside 0.065 0.0542 0.0390 
0.5Q2 D Flat Oceanside 0.070 0.0583 0.0420 
0.5Q2 D Moderate Oceanside 0.070 0.0583 0.0420 
0.5Q2 D Steep Oceanside 0.050 0.0417 0.0300 
0.5Q2 A Flat L Wohlford N/A N/A N/A 
0.5Q2 A Moderate L Wohlford N/A N/A N/A 
0.5Q2 A Steep L Wohlford N/A N/A N/A 
0.5Q2 B Flat L Wohlford N/A N/A N/A 
0.5Q2 B Moderate L Wohlford N/A N/A N/A 
0.5Q2 B Steep L Wohlford N/A N/A N/A 
0.5Q2 C Flat L Wohlford 0.070 0.0583 0.0420 
0.5Q2 C Moderate L Wohlford 0.070 0.0583 0.0420 
0.5Q2 C Steep L Wohlford 0.050 0.0417 0.0300 
0.5Q2 D Flat L Wohlford 0.055 0.0458 0.0330 
0.5Q2 D Moderate L Wohlford 0.055 0.0458 0.0330 
0.5Q2 D Steep L Wohlford 0.045 0.0375 0.0270 
0.3Q2 A Flat Lindbergh N/A N/A N/A 
0.3Q2 A Moderate Lindbergh N/A N/A N/A 
0.3Q2 A Steep Lindbergh N/A N/A N/A 
0.3Q2 B Flat Lindbergh N/A N/A N/A 
0.3Q2 B Moderate Lindbergh N/A N/A N/A 
0.3Q2 B Steep Lindbergh N/A N/A N/A 
0.3Q2 C Flat Lindbergh 0.130 0.1083 0.0780 
0.3Q2 C Moderate Lindbergh 0.130 0.1083 0.0780 
0.3Q2 C Steep Lindbergh 0.100 0.0833 0.0600 
0.3Q2 D Flat Lindbergh 0.105 0.0875 0.0630 
0.3Q2 D Moderate Lindbergh 0.105 0.0875 0.0630 
0.3Q2 D Steep Lindbergh 0.075 0.0625 0.0450 
0.3Q2 A Flat Oceanside N/A N/A N/A 
0.3Q2 A Moderate Oceanside N/A N/A N/A 
0.3Q2 A Steep Oceanside N/A N/A N/A 
0.3Q2 B Flat Oceanside N/A N/A N/A 
0.3Q2 B Moderate Oceanside N/A N/A N/A 
0.3Q2 B Steep Oceanside N/A N/A N/A 
0.3Q2 C Flat Oceanside 0.105 0.0875 0.0630 
0.3Q2 C Moderate Oceanside 0.105 0.0875 0.0630 
0.3Q2 C Steep Oceanside 0.085 0.0708 0.0510 
0.3Q2 D Flat Oceanside 0.090 0.0750 0.0540 
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Table 7-4.  Sizing Factors for Flow-Through Planters 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.3Q2 D Moderate Oceanside 0.090 0.0750 0.0540 
0.3Q2 D Steep Oceanside 0.070 0.0583 0.0420 
0.3Q2 A Flat L Wohlford N/A N/A N/A 
0.3Q2 A Moderate L Wohlford N/A N/A N/A 
0.3Q2 A Steep L Wohlford N/A N/A N/A 
0.3Q2 B Flat L Wohlford N/A N/A N/A 
0.3Q2 B Moderate L Wohlford N/A N/A N/A 
0.3Q2 B Steep L Wohlford N/A N/A N/A 
0.3Q2 C Flat L Wohlford 0.085 0.0708 0.0510 
0.3Q2 C Moderate L Wohlford 0.085 0.0708 0.0510 
0.3Q2 C Steep L Wohlford 0.060 0.0500 0.0360 
0.3Q2 D Flat L Wohlford 0.065 0.0542 0.0390 
0.3Q2 D Moderate L Wohlford 0.065 0.0542 0.0390 
0.3Q2 D Steep L Wohlford 0.050 0.0417 0.0300 
0.1Q2 A Flat Lindbergh N/A N/A N/A 
0.1Q2 A Moderate Lindbergh N/A N/A N/A 
0.1Q2 A Steep Lindbergh N/A N/A N/A 
0.1Q2 B Flat Lindbergh N/A N/A N/A 
0.1Q2 B Moderate Lindbergh N/A N/A N/A 
0.1Q2 B Steep Lindbergh N/A N/A N/A 
0.1Q2 C Flat Lindbergh 0.250 0.2083 0.1500 
0.1Q2 C Moderate Lindbergh 0.250 0.2083 0.1500 
0.1Q2 C Steep Lindbergh 0.185 0.1542 0.1110 
0.1Q2 D Flat Lindbergh 0.200 0.1667 0.1200 
0.1Q2 D Moderate Lindbergh 0.200 0.1667 0.1200 
0.1Q2 D Steep Lindbergh 0.130 0.1083 0.0780 
0.1Q2 A Flat Oceanside N/A N/A N/A 
0.1Q2 A Moderate Oceanside N/A N/A N/A 
0.1Q2 A Steep Oceanside N/A N/A N/A 
0.1Q2 B Flat Oceanside N/A N/A N/A 
0.1Q2 B Moderate Oceanside N/A N/A N/A 
0.1Q2 B Steep Oceanside N/A N/A N/A 
0.1Q2 C Flat Oceanside 0.190 0.1583 0.1140 
0.1Q2 C Moderate Oceanside 0.190 0.1583 0.1140 
0.1Q2 C Steep Oceanside 0.140 0.1167 0.0840 
0.1Q2 D Flat Oceanside 0.160 0.1333 0.0960 
0.1Q2 D Moderate Oceanside 0.160 0.1333 0.0960 
0.1Q2 D Steep Oceanside 0.105 0.0875 0.0630 
0.1Q2 A Flat L Wohlford N/A N/A N/A 
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Table 7-4.  Sizing Factors for Flow-Through Planters 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.1Q2 A Moderate L Wohlford N/A N/A N/A 
0.1Q2 A Steep L Wohlford N/A N/A N/A 
0.1Q2 B Flat L Wohlford N/A N/A N/A 
0.1Q2 B Moderate L Wohlford N/A N/A N/A 
0.1Q2 B Steep L Wohlford N/A N/A N/A 
0.1Q2 C Flat L Wohlford 0.135 0.1125 0.0810 
0.1Q2 C Moderate L Wohlford 0.135 0.1125 0.0810 
0.1Q2 C Steep L Wohlford 0.105 0.0875 0.0630 
0.1Q2 D Flat L Wohlford 0.110 0.0917 0.0660 
0.1Q2 D Moderate L Wohlford 0.110 0.0917 0.0660 
0.1Q2 D Steep L Wohlford 0.080 0.0667 0.0480 


Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
Q10 = 10-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
A = Surface area sizing factor 
V1 = Surface volume sizing factor 
V2 = Subsurface volume sizing factor 
 


Table 7-5.  Sizing Factors for Infiltration Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 A Flat Lindbergh 0.040 0.1040 N/A 
0.5Q2 A Moderate Lindbergh 0.040 0.1040 N/A 
0.5Q2 A Steep Lindbergh 0.035 0.0910 N/A 
0.5Q2 B Flat Lindbergh 0.058 0.1495 N/A 
0.5Q2 B Moderate Lindbergh 0.055 0.1430 N/A 
0.5Q2 B Steep Lindbergh 0.050 0.1300 N/A 
0.5Q2 C Flat Lindbergh N/A N/A N/A 
0.5Q2 C Moderate Lindbergh N/A N/A N/A 
0.5Q2 C Steep Lindbergh N/A N/A N/A 
0.5Q2 D Flat Lindbergh N/A N/A N/A 
0.5Q2 D Moderate Lindbergh N/A N/A N/A 
0.5Q2 D Steep Lindbergh N/A N/A N/A 
0.5Q2 A Flat Oceanside 0.045 0.1170 N/A 
0.5Q2 A Moderate Oceanside 0.045 0.1170 N/A 
0.5Q2 A Steep Oceanside 0.040 0.1040 N/A 
0.5Q2 B Flat Oceanside 0.065 0.1690 N/A 
0.5Q2 B Moderate Oceanside 0.065 0.1690 N/A 
0.5Q2 B Steep Oceanside 0.060 0.1560 N/A 
0.5Q2 C Flat Oceanside N/A N/A N/A 
0.5Q2 C Moderate Oceanside N/A N/A N/A 
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Table 7-5.  Sizing Factors for Infiltration Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.5Q2 C Steep Oceanside N/A N/A N/A 
0.5Q2 D Flat Oceanside N/A N/A N/A 
0.5Q2 D Moderate Oceanside N/A N/A N/A 
0.5Q2 D Steep Oceanside N/A N/A N/A 
0.5Q2 A Flat L Wohlford 0.050 0.1300 N/A 
0.5Q2 A Moderate L Wohlford 0.050 0.1300 N/A 
0.5Q2 A Steep L Wohlford 0.040 0.1040 N/A 
0.5Q2 B Flat L Wohlford 0.078 0.2015 N/A 
0.5Q2 B Moderate L Wohlford 0.075 0.1950 N/A 
0.5Q2 B Steep L Wohlford 0.065 0.1690 N/A 
0.5Q2 C Flat L Wohlford N/A N/A N/A 
0.5Q2 C Moderate L Wohlford N/A N/A N/A 
0.5Q2 C Steep L Wohlford N/A N/A N/A 
0.5Q2 D Flat L Wohlford N/A N/A N/A 
0.5Q2 D Moderate L Wohlford N/A N/A N/A 
0.5Q2 D Steep L Wohlford N/A N/A N/A 
0.3Q2 A Flat Lindbergh 0.040 0.1040 N/A 
0.3Q2 A Moderate Lindbergh 0.040 0.1040 N/A 
0.3Q2 A Steep Lindbergh 0.035 0.0910 N/A 
0.3Q2 B Flat Lindbergh 0.058 0.1495 N/A 
0.3Q2 B Moderate Lindbergh 0.055 0.1430 N/A 
0.3Q2 B Steep Lindbergh 0.050 0.1300 N/A 
0.3Q2 C Flat Lindbergh N/A N/A N/A 
0.3Q2 C Moderate Lindbergh N/A N/A N/A 
0.3Q2 C Steep Lindbergh N/A N/A N/A 
0.3Q2 D Flat Lindbergh N/A N/A N/A 
0.3Q2 D Moderate Lindbergh N/A N/A N/A 
0.3Q2 D Steep Lindbergh N/A N/A N/A 
0.3Q2 A Flat Oceanside 0.045 0.1170 N/A 
0.3Q2 A Moderate Oceanside 0.045 0.1170 N/A 
0.3Q2 A Steep Oceanside 0.040 0.1040 N/A 
0.3Q2 B Flat Oceanside 0.065 0.1690 N/A 
0.3Q2 B Moderate Oceanside 0.065 0.1690 N/A 
0.3Q2 B Steep Oceanside 0.060 0.1560 N/A 
0.3Q2 C Flat Oceanside N/A N/A N/A 
0.3Q2 C Moderate Oceanside N/A N/A N/A 
0.3Q2 C Steep Oceanside N/A N/A N/A 
0.3Q2 D Flat Oceanside N/A N/A N/A 
0.3Q2 D Moderate Oceanside N/A N/A N/A 
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Table 7-5.  Sizing Factors for Infiltration Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.3Q2 D Steep Oceanside N/A N/A N/A 
0.3Q2 A Flat L Wohlford 0.050 0.1300 N/A 
0.3Q2 A Moderate L Wohlford 0.050 0.1300 N/A 
0.3Q2 A Steep L Wohlford 0.040 0.1040 N/A 
0.3Q2 B Flat L Wohlford 0.078 0.2015 N/A 
0.3Q2 B Moderate L Wohlford 0.075 0.1950 N/A 
0.3Q2 B Steep L Wohlford 0.065 0.1690 N/A 
0.3Q2 C Flat L Wohlford N/A N/A N/A 
0.3Q2 C Moderate L Wohlford N/A N/A N/A 
0.3Q2 C Steep L Wohlford N/A N/A N/A 
0.3Q2 D Flat L Wohlford N/A N/A N/A 
0.3Q2 D Moderate L Wohlford N/A N/A N/A 
0.3Q2 D Steep L Wohlford N/A N/A N/A 
0.1Q2 A Flat Lindbergh 0.040 0.1040 N/A 
0.1Q2 A Moderate Lindbergh 0.040 0.1040 N/A 
0.1Q2 A Steep Lindbergh 0.035 0.0910 N/A 
0.1Q2 B Flat Lindbergh 0.058 0.1495 N/A 
0.1Q2 B Moderate Lindbergh 0.055 0.1430 N/A 
0.1Q2 B Steep Lindbergh 0.050 0.1300 N/A 
0.1Q2 C Flat Lindbergh N/A N/A N/A 
0.1Q2 C Moderate Lindbergh N/A N/A N/A 
0.1Q2 C Steep Lindbergh N/A N/A N/A 
0.1Q2 D Flat Lindbergh N/A N/A N/A 
0.1Q2 D Moderate Lindbergh N/A N/A N/A 
0.1Q2 D Steep Lindbergh N/A N/A N/A 
0.1Q2 A Flat Oceanside 0.045 0.1170 N/A 
0.1Q2 A Moderate Oceanside 0.045 0.1170 N/A 
0.1Q2 A Steep Oceanside 0.040 0.1040 N/A 
0.1Q2 B Flat Oceanside 0.065 0.1690 N/A 
0.1Q2 B Moderate Oceanside 0.065 0.1690 N/A 
0.1Q2 B Steep Oceanside 0.060 0.1560 N/A 
0.1Q2 C Flat Oceanside N/A N/A N/A 
0.1Q2 C Moderate Oceanside N/A N/A N/A 
0.1Q2 C Steep Oceanside N/A N/A N/A 
0.1Q2 D Flat Oceanside N/A N/A N/A 
0.1Q2 D Moderate Oceanside N/A N/A N/A 
0.1Q2 D Steep Oceanside N/A N/A N/A 
0.1Q2 A Flat L Wohlford 0.050 0.1300 N/A 
0.1Q2 A Moderate L Wohlford 0.050 0.1300 N/A 







Section 7 Hydromodification Management Plan 


 
7-17 


Use of contents on this sheet is subject to the limitations specified at the end of this document. 
S:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\WP\HMP\09_Final HMP_Mar2011\I04720_FINAL_San Diego HMP_Mar2011.docx 


Table 7-5.  Sizing Factors for Infiltration Facilities 
Lower Flow 
Threshold Soil Group Slope Rain Gauge A V1 V2 


0.1Q2 A Steep L Wohlford 0.040 0.1040 N/A 
0.1Q2 B Flat L Wohlford 0.078 0.2015 N/A 
0.1Q2 B Moderate L Wohlford 0.075 0.1950 N/A 
0.1Q2 B Steep L Wohlford 0.065 0.1690 N/A 
0.1Q2 C Flat L Wohlford N/A N/A N/A 
0.1Q2 C Moderate L Wohlford N/A N/A N/A 
0.1Q2 C Steep L Wohlford N/A N/A N/A 
0.1Q2 D Flat L Wohlford N/A N/A N/A 
0.1Q2 D Moderate L Wohlford N/A N/A N/A 
0.1Q2 D Steep L Wohlford N/A N/A N/A 


Q2 = 2-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
Q10 = 10-year pre-project flow rate based upon partial duration analysis of long-term hourly rainfall records 
A = Surface area sizing factor 
V1 = Infiltration volume sizing factor 
 


Rainfall basin boundaries were determined based upon mean annual precipitation values as determined by the 
County of San Diego and specific precipitation totals at the three base rainfall stations (Lindbergh Field, 
Oceanside and Lake Wohlford). The final rainfall basin map is provided in the San Diego BMP Sizing 
Calculator. 


Per the County’s chief hydrologist Rand Allan, the 3 base rainfall stations have the following mean annual 
precipitation values for the time period of 1971-2001 (period of time depicted on the mean annual 
precipitation map created by the County of San Diego). 


Lindbergh Field = 10.2 inches 
Oceanside = 13.3 inches 
Lake Wohlford = 20.0 inches 


To determine the east-west boundary between Oceanside and Lake Wohlford, the average of the mean 
annual precipitation values between Oceanside and Lake Wohlford was determined: 


(13.3 inches + 20.0 inches) / 2 = 16.7 inches  


The 17 inch isopluvial line was used as the boundary – anything east of the 17 inch isopluvial line would be 
part of the Lake Wohlford basin. 


To determine the east-west boundary between Oceanside and Lindbergh, the average of the mean annual 
precipitation values between Oceanside and Lindbergh was determined: 


(13.3 inches + 10.2 inches) = 11.8 inches  


The 12 inch isopluvial line was used as the boundary – anything west of the 12 inch isopluvial line would be 
part of the Lindbergh basin. 
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To determine the east-west boundary between Lindbergh and Lake Wohlford (used only for extreme south 
county areas), the average of the mean annual precipitation values between Lindbergh and Lake Wohlford 
was determined: 


(10.2 inches + 20.0 inches) / 2 = 15.1 inches  


The 15 inch isopluvial line was used as the boundary – anything east of the 15-inch isopluvial line would be 
part of the Lake Wohlford basin. 


Areas located between the 12 inch and 17 inch isopluvial lines and also located north of Sweetwater 
Reservoir/San Miguel Mountain were designated as part of the Oceanside basin. 


Additional notes: 
1. The southern extent of the Oceanside basin was limited to the area near Sweetwater Reservoir and San 


Miguel Mountain. At that location, the previously discussed 15 inch and 17 inch isopluvial lines are in 
close proximity. 


2. There is a short reach of 12 inch isopluvial line near the coastline between Encinitas and Los Penasquitos 
lagoon. Even though this area has a mean annual precipitation less than 12 inches, it is included in the 
Oceanside basin pursuant to Rand Allan’s determination that a north-south divide between the Lindbergh 
and Oceanside basins occurs north of La Jolla. 


For situations where LID implementation cannot fully achieve the required hydromodification flow 
mitigation, the project applicant will have the option to implement extended detention facilities in 
combination with LID facilities.  The San Diego HMP / LID sizing calculator will have a basin sizing 
component to assist with the design of extended detention flow duration control facilities as well as 
LID facilities. 


Facilities must be designed, built, and maintained to practically function within the urban environment.  Soil 
compaction associated with grading activities affects infiltration rates and should be considered.  Underdrains 
are typically required for urban projects where the anticipated infiltration rate is low or where infiltrated 
runoff could pose an adjacent stability risk. 


Since the HMP will be implemented through the municipal development review process, design criteria must 
be specified and be incorporated into conditions of approval. 


Development of sizing factors and the San Diego HMP / LID sizing calculator is currently being conducted 
and includes the following tasks.   
 Develop and document the major assumptions and model parameters that will be used in subsequent 


HSPF simulations to size Low-Impact Design (LID) facilities, detention ponds, and non-structural 
stormwater controls.  This task includes three steps. 
1. Document LID facility configurations included in the Sizing Calculator  
2. Select the range of input parameters to use in the HSPF model simulations 
3. Develop and document the approach to computing BMP sizing factors  


 Develop configurations of each of the LID BMPs included in the Model SUSMP, including the 
dimensions of the ponding layers, growing medium, storage layer, and outlet piping.  The following LID 
BMPs will be modeled for flow control and water quality treatment:  
1. Bioretention 
2. Cistern with bioretention 
3. Bioretention with flow control vault 
4. Flow-through planter 
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5. Dry well 
6. Vegetated bioswale (for water quality treatment only) 


 Select a recommended set of HSPF input parameters for simulating hydrologic processes on pervious 
surfaces, known in HSPF as PERLNDs.  Parameters will be selected that represent specific combinations 
of the following:  
• Soils 
• Land Cover 
• Slope 


 Develop LID sizing factors for NRCS Group A, B, C, and D soils.  LID facilities built in Group C and D 
soils will include an underdrain and a flow control orifice.  LID facilities built in Group A and B soils will 
have no underdrain, requiring infiltration to surrounding soils.   


 Develop sizing for traditional stormwater BMPs using an automated approach to size stormwater 
detention ponds.  The automated pond sizing algorithm is incorporated into the BMP Sizing Calculator.   
• Select specific allowable range of pond configuration parameters, such as side slopes and the number 


of outlets 
• Develop an algorithm that will read in long-term model simulation results and iteratively vary pond 


volume and outlet dimensions until the flow control requirements are met  
 Develop BMP Sizing Calculator.  The BMP Sizing Calculator will help streamline the process of sizing the 


BMPs listed in the County’s Model SUSMP.  The software will have the following features:  
• Sizing of BMPs for “flow control + water quality treatment” and “water quality treatment-only” permit 


requirements 
• Include all LID BMPs listed in the County’s SUSMP, including stormwater detention ponds 
• Include sizing criteria for self-retaining areas and self-treating areas, as described in the Model SUSMP 


7.2 Inspection and Maintenance Schedule 
If not properly designed or maintained, hydromodification flow control devices may create a habitat for 
vectors such as mosquitoes or rodents as well as potential safety hazards due to standing water.  Vector 
habitat creation can be avoided through collaboration with municipalities and both local vector control 
agencies and the State Department of Health Services during the development and implementation of Project 
Submittals (Storm Water Management Plans or Water Quality Technical Reports). 


Proof of long-term ongoing maintenance responsibility and mechanism are required for all post-construction 
BMPs, including hydromodification mitigation facilities.  Maintenance activities for flow control and LID 
devices will be specified in the proposed Project Submittal (Storm Water Management Plan or Water Quality 
Technical Report).  


A blockage in the storm drain system can cause water to back up into the treatment facilities and cause 
damage.  For this reason, inspection and maintenance of the storm drain system is considered part of the 
inspection and maintenance of the treatment facilities.  Normal functioning of the facilities may involve 
retention of water for up to 72 hours following significant storm events. 


As required by Permit Provision D.1.c.(5), local municipalities require submittal of proof of a mechanism 
under which ongoing long-term maintenance of stormwater treatment and flow-control facilities will be 
conducted.  Municipalities may require one of more of the following items be included in the Project 
Submittal: 
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1. A means to finance and implement facility maintenance in perpetuity. 
2. Acceptance of responsibility for maintenance from the time the facilities are constructed until 


responsibility for operation and maintenance is legally transferred.  A warranty covering a period following 
construction may also be required. 


3. An outline of general maintenance requirements for the selected treatment and flow-control facilities. 


Local municipalities may also require preparation and submittal of a detailed plan that sets forth a 
maintenance schedule for each of the treatment and flow-control facilities built on the project site and names 
the responsible parties for this action.  


Before completing the Project Submittal, the applicant should ensure the stormwater control design is fully 
coordinated with the site plan, grading plan, and landscaping plan being proposed for the site.  


Information submitted and presentations to design review committees, planning commissions, and other 
decision-making bodies must incorporate relevant aspects of the stormwater design.  In particular, ensure: 
 Curb elevations, elevations, grade breaks, and other features of the drainage design are consistent with the 


delineation of Drainage Management Areas (DMAs). 
 The top edge (overflow) of each bioretention facility is level all around its perimeter—this is particularly 


important in parking lot medians. 
 The resulting grading and drainage design is consistent with the design for parking and circulation. 
 Bioretention facilities and other IMPs do not create conflicts with pedestrian access between parking and 


building entrances. 
 Vaults and utility boxes can be accommodated outside bioretention facilities and will not be placed within 


bioretention facilities. 
 The visual impact of stormwater facilities, including planter boxes at building foundations and any 


terracing or retaining walls required for the stormwater control design, is shown in renderings and other 
architectural drawings.  


 Landscaping plans, including planting plans, show locations of bioretention facilities, and the plant 
requirements are consistent with the engineered soils and conditions in the bioretention facilities. 


 Renderings and representation of street views incorporate any stormwater facilities located in street-side 
buffers and setbacks 


Other design considerations to assist with long-term maintenance include: 
 For effective, low-maintenance operation, locate facilities so drainage into and out of the device is by 


gravity flow.  Pumped systems are feasible, but are expensive, require more maintenance, are prone to 
untimely failure, and can cause mosquito control problems.  Most IMPs require 3 feet or more of head. 


 If the property is being subdivided now or in the future, the facility should be in a common, accessible 
area.  In particular, avoid locating facilities on private residential lots.  Even if the facility will serve only 
one site owner or operator, make sure the facility is located for ready access by inspectors from the local 
municipality and local mosquito control agency.  


 The facility must be accessible to equipment needed for its maintenance.  Access requirements for 
maintenance will vary with the type of facility selected.  Planter boxes and bioretention areas will typically 
need access for the same types of equipment used for landscape maintenance.   
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


8 .  M O N I T O R I N G  A N D  B M P  E V A L U A T I O N  


8.1 Introduction 
This section presents a summary of the San Diego HMP’s revised Monitoring Plan.  The summary explains 
technical concepts and proposes approaches to monitor the effectiveness of the HMP as required by 
provision D.1.g of Regional Board Order No. R9-2007-0001.  


Part 1(k) of provision D.1.g requires that the HMP shall “include a description of pre- and post-project 
monitoring and other program evaluations to be conducted to assess the effectiveness of implementation of 
the HMP.”  For the purposes of developing an HMP monitoring approach, an effective HMP is defined as a 
program that ensures compliance with HMP design criteria and results in no significant stream degradation 
due to increased erosive force caused by new development. 


The proposed monitoring approach provides for the optimum 5-year effectiveness assessment within 
currently available funding resources.  Monitoring Plan activities were selected to achieve statistical data 
collection requirements while balancing regional financial constraints and highly variable scientific, regulatory, 
and physical elements.  Monitoring plan activities presented herein have been developed to answer the 
following questions regarding HMP program effectiveness assessment: 
 Do field observations confirm that the HMP appropriately defines the flow rate (expressed as a 


function of the 2-year runoff event) that initiates movement of channel bed or bank materials? 
Since most of the sediment transport modeling prepared as part of the HMP development relied on 
laboratory flume data, it is important to supplement the sediment transport data set with field 
observations.  This data may be used in the next permit cycle to determine whether critical shear stress is 
the appropriate parameter for selecting the lower flow threshold of the geomorphically significant 
flow range.   


 Are mitigation facilities adequately meeting flow duration design criteria outlined in the HMP? 
Observed HMP mitigation facility outflow data can be analyzed to determine if mitigation facilities are 
reducing the mitigated post-project peak flow frequency and flow duration curves to the pre-project 
curves (within tolerances set forth in the HMP).  This data can also be used to analyze the precision of 
LID sizing factors, extended detention facility design criteria, and to potentially recommend changes to 
more closely match the mitigated post-project curves to pre-project condition peak flow frequency and 
flow duration curves.  


 What is the effect of development on downstream cross section incision and widening?   
Since the mitigation of accelerated channel degradation as a result of development is the central purpose 
of the HMP, analysis of channel cross sections downstream of development projects is a component of 
the monitoring plan.  However, uncertainties involved with this comparison tool (namely the 
determination of pre-project condition trends regarding channel incision and channel widening rates) 
make policy determinations less likely within the time frame of the 5-year monitoring plan (as compared 
to sediment transport modeling and flow duration modeling detailed in the previous two questions).    


Such a question-driven plan is consistent with the draft hydromodification monitoring framework prepared 
by the Southern California Coastal Water Research Project (SCCWRP – report dated December 9, 2009). 
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In an effort to effectively address the wide variability of potential monitoring scenarios and competing needs 
outlined above,  the Copermittees and Brown and Caldwell have consulted with technical experts in a variety 
of critical disciplines including Dr. Eric Stein of SCCWRP (geomorphology expert), San Diego Regional 
Water Quality Control Board staff, Dr. Andy Collison of Phillip Williams Associates (geomorphology expert), 
Dr. Khalil Abusaba (formerly of the San Francisco Regional Water Quality Control Board and currently with 
Brown and Caldwell – expert in statistical analysis of water quality data), and members of the San Diego 
HMP Technical Advisory Committee. 


8.2 Technical Concepts 


8.2.1 Hydromodification Concepts 


As required in the Permit, the evaluation of increased erosive force is limited to the geomorphically significant 
flow range, which is defined between the flow associated with critical shear stress and the ten-year return flow 
(Q10).  The value of the lower flow threshold indicates the flow at which sediment erosion from the stream 
bed or banks begins to occur.  The HMP uses two calculation tools (the low flow calculator and the 
SCCWRP channel assessment tool) to determine the low flow threshold based upon substrate type, channel 
slope, roughness, channel cross section, and other stream assessment conditions.  The resulting lower flow 
threshold will be expressed as a multiple of the two-year return flow (Q2): 
 0.1Q2 for streams with HIGH susceptibility to channel erosion 
 0.3Q2 for streams with MEDIUM susceptibility to channel erosion 
 0.5Q2 for streams with LOW susceptibility to channel erosion 


8.2.2 HMP Effectiveness Validation Measures 


Sediment Transport Studies.  This approach monitors sediment concentration (SSC) throughout a storm 
event and can be used to directly evaluate the validity of a lower flow threshold for a particular stream 
segment.  Measuring the continuous SSC to flow relationship over a range of flows allows HMP effectiveness 
to be evaluated based on whether or not significant post-project increases in SSC (as compared to pre-project 
conditions) are observed at a given flow rate.  This approach is the most costly, because it involves measuring 
flow and SSC.  The SSC measurements will involve continuous turbidity monitoring, which would include 
calibration of turbidity meters using stream cross-sectional sediment sampling to correlate SSC to turbidity, or 
an approved equivalent metric.  SSC values can also be determined through a laboratory analysis using United 
States Geological Survey (USGS) procedures.  The final analysis method, along with data collection 
specifications, will be determined following future discussions with the Copermittees and members of the 
Technical Advisory Committee.  These approaches are most likely to produce information on HMP 
effectiveness on a relatively short time frame, provided that a sufficient range of storm event sizes can be 
sampled in a given year.  


Flow Duration Curves.  Another measure of HMP effectiveness is determining if, within the geomorphically 
significant flow range, the post-project flow-duration curve is comparable to or below the pre-project flow 
duration curve.  Flow-duration curves are monitored by installing continuous flow monitoring devices 
downstream of a planned project prior to development to establish pre-project conditions.  If the flow 
monitoring facilities used for the sediment transport studies (detailed above) are located just downstream of a 
proposed development, then data from the sediment transport studies can be used for the pre-project flow 
duration data.  This approach is consistent with the draft SCCWRP monitoring framework, which 
recommends stream flow monitoring to be provided just downstream of a hydromodification mitigation 
management device.  Post-development mitigated flow duration monitoring data is analyzed to evaluate 
whether significant changes in the flow-duration curve have occurred.  This monitoring approach can also be 
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used to validate sizing factors for LID and extended detention BMPs.  Depending on the range of rainfall 
events encountered in a particular year, monitoring of flow-duration curves can help develop pre-project 
conditions and evaluate post-project effectiveness on a relatively short  time scale ( i.e., 2 to 3 years each).  


Channel Incision and Widening.  The most obvious measure of stream degradation is to physically measure 
the pre-project and post-project cross sections, and determine if the channel is incising and / or widening.  
This is accomplished by conducting geomorphic assessments and channel surveys downstream of a planned 
development before and after construction.  In addition to physical measurements, comparison of current 
and historical photos, aerial photography, and site inspection for signs of channel degradation can provide 
important supporting evidence.  The labor for conducting such an assessment at a single location is lower 
compared to the effort needed to conduct sediment transport studies.  Costs are driven by the number of 
sites assessed, as well as the need for establishing pre-project trends (e.g., rate of pre-project channel incision 
per year).  Although this monitoring approach is the most direct measure of whether stream degradation is 
occurring, it is difficult to use the method to differentiate between existing geomorphic effects and post-
project geomorphic effects.  To do so would require a long-term baseline of pre-project channel incision and 
widening rates along with post-project monitoring.  To capture the range of annual rainfall conditions 
encountered in Southern California, decades of information are generally recommended to quantify pre-
project baseline trends.  Therefore, while baseline data will be collected and be useful for future comparison 
analyses, this monitoring plan focuses on validation measures likely to provide meaningful data within 2 to 
5 years.  It is possible that tentative conclusions may be reached regarding channel incision and widening at 
the conclusion of the 5-year monitoring plan.  Finally, it should be noted that the Copermittees will centralize 
stream assessment information collected as part of project development processes.  This information may be 
used for future channel condition assessments and will be utilized by the Copermittees to the extent 
practicable.  While such stream assessment information will not be required for all Priority Development 
Projects, it would be required for all projects proposing the use of stream rehabilitation mitigation measures 
(e.g., constructed channel widening, drop structures) and for projects using lower flow thresholds in excess of 
0.1Q2.  The Copermittees are currently considering other requirements for pre-project stream assessments, 
including project size, contributing impervious area cover, and receiving channel material. 


8.2.3 Temporal and Spatial Variability of Monitoring Locations 


Temporal Variability.  As noted above, the single most important factor affecting the temporal variability 
inherent to measuring stream degradation is variable inter-annual rainfall frequency and intensity.  Droughts 
in California can last years, with little to no rainfall occurring in Southern California.  During El Nino years, 
anomalously high storm frequencies and intensities can result in sudden geomorphic changes.  Rainfall 
intensity also varies intra-annually.  However, if a sufficient range of storm intensities is encountered in a 
particular year, then short duration monitoring approaches, such as flow-duration curves and sediment 
transport studies can provide some information on HMP effectiveness on shorter timescales. 


Spatial Variability.  Sampling an adequate variety of channel susceptibility types, along with a reasonable 
number of replicates within for each susceptibility type, is important to capture the range of watershed 
conditions present in the permit coverage area.  Other important factors that affect stream responses to 
hydromodification include channel grade, watershed area, vegetated cover, and stream sinuosity.  In addition 
to channel and watershed features, location within the watershed is an important consideration.  Monitoring 
stations should be located in the watershed headwaters just downstream of a development project of 
sufficient size, so that hydromodification effects from the proposed development can be isolated for 
comparison purposes to the maximum extent practicable.  Upper watershed sites provide more definitive 
measures of HMP effectiveness because they can more directly correlate effects to specific development 
projects.  Middle watershed and lower watershed sites would be influenced by confounding variables such as 
mass wasting and impacts from natural tributary confluences and other existing development projects, 
including phased developments over many years, in the watershed.  Therefore, middle and lower watershed 
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monitoring sites would require much more time to assess overall program effectiveness.  However, the 
Copermittees will attempt to utilize data from concurrent water quality monitoring programs to develop a 
database of middle/lower watershed flow data. Specifically, monitoring station located in middle to lower 
watershed locations will be identified for the two proposed channel susceptibility types. While the San Diego 
HMP has been written to require onsite hydromodification flow controls at each applicable new development 
and redevelopment site, thus minimizing the potential for cumulative watershed impacts as a result of new 
development and redevelopment, monitoring station locations will be selected, where possible, to include the 
effects of multiple upstream developments. The concept of providing hydromodification effectiveness 
measurements in the watershed headwaters is supported by SCCWRP.  Research by SCCWRP has shown 
that hydromodification effects of a development project become muted with increasing distance from the 
development site (defined by SCCWRP as the Domain of Effect). To the extent practicable, monitoring 
locations detailed in the Monitoring Plan will be distributed throughout the Permit coverage area Hydrologic 
Units to provide for geographic and climatic variability across San Diego County. 


8.3 Recommended Approaches to Assess Effectiveness 
Selection of HMP effectiveness assessment monitoring techniques is subject to two primary constraints.  The 
schedule constraint involves the RWQCB’s desire to have information on HMP effectiveness prior to re-
issuance of the Municipal Separate Storm Sewer System (MS4) Permit for San Diego County, currently 
scheduled for 2012.  This schedule constraint creates an added “practicality” issue, since it is unlikely that 
meaningful data can be acquired in such an abbreviated timeline.  While the monitoring plan detailed in this 
memorandum extends for five years, interim data may be provided to the Regional Board to assist with 
development of the next Permit.  


The budget constraint involves the San Diego County Copermittees’ limited resources for monitoring.  Given 
the fact that the Copermittees are currently committed to a $2,500,000 annual regional water quality 
monitoring plan effort, and given the current economic climate in which multiple local municipalities have 
been forced to reduce both budget and staff, expansion of existing monitoring mandates requires significant 
financial consideration and analysis.  Thus, the Copermittees are compelled to evaluate how to develop the 
best possible monitoring approach to evaluate HMP effectiveness within the available budget. 


Details of the monitoring plan are above and beyond details of the existing regional water quality monitoring 
effort.  Wherever possible, the Copermittees will seek opportunities to utilize relevant data from the existing 
water quality monitoring efforts to achieve an economy of scale.  The Copermittees will also ensure there is 
no duplication of effort between the two monitoring programs. 


This monitoring plan focuses on using continuous monitoring data to obtain the maximum amount of data 
regarding sediment transport and flow duration monitoring.  It is the opinion of the Copermittees that 
acquisition of continuous data at a statistically justified number of monitoring locations is more valuable 
(from a data analysis standpoint) as compared to obtaining a finite number of isolated runoff events from 
more monitoring locations.  


Considering the constraints and technical approach detailed above, the following approaches are 
recommended for the revised HMP Monitoring Plan. 
 Monitor effectiveness using Sediment Transport and Flow Duration Studies.  As noted above, 


continuous sediment transport and flow duration studies can provide direct measures of HMP 
effectiveness on a relatively short timescale.  These studies are important to verify HMP assumptions 
about the lower flow thresholds and to verify flow duration design criteria is being achieved.  
Development of the sediment transport studies would also provide stream cross section data, as well as 
photographic evidence, that could serve as a baseline for future stream morphology comparisons. 
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 Monitor the Upper Watershed.  Upper watershed monitoring is recommended to eliminate confounding 
lower watershed variables that would skew the analysis and minimize the potential for reaching 
meaningful conclusions.  


 Monitor Replicates of Two Channel Susceptibility Types.  In the development of the San Diego 
County HMP, receiving streams will be classified into one of three channel types, pursuant to a State 
Board-funded study conducted by SCCWRP.  The stream classification system is consistent with the 
analysis, findings, and tools developed in the SCCWRP study and classifies streams into the following 
stream susceptibility categories: 
• HIGH susceptibility  
• MEDIUM susceptibility  
• LOW susceptibility 
Monitoring locations should be selected from HIGH and MEDIUM susceptibility channel segments. 


 Monitor three replicates and one reference station for each susceptibility type.  Providing three 
replicates of each channel susceptibility type would begin the characterization of the range of conditions 
present in San Diego County.  The reference monitoring station associated with each channel 
susceptibility type would be located in a watershed for which no upstream development (existing or 
future) is anticipated.  Data from the reference stations can be used to supplement pre-project condition 
data obtained at the replicate sites, since the amount of pre-project condition data that can be obtained at 
such sites is dependent on the land development process.  Providing three replicate stations balances the 
need to characterize spatial variability against the cost of monitoring and provides the data needed to 
estimate the median and range of the lower flow threshold for a given susceptibility type, or to estimate 
the standard deviation of an average value. 


 Monitor the Middle Watershed. Middle watershed monitoring will be provided at two monitoring 
locations, both of which will be located downstream of existing urbanized areas with watershed 
impervious areas greater than 40 percent. 


8.4 Summary and Conclusions 
The revised Monitoring Plan, scheduled for implementation over a 5-year period, will recommend the 
following specific activities: 


Baseline Monitoring Plan Requirements: 
 Development of QAPP 
 Rainfall gauge analysis and installation 
 Rainfall gauge, stream gauge, and HMP facility outflow station inspection and maintenance (Fiscal Year 


2012 through 2016) 
 Annual data analysis (2012 – 2016) 
 Reevaluation of the Monitoring Plan after review of findings from Statewide HMP Monitoring Technical 


Advisory Group and review of final SCCWRP Hydromodification Monitoring Report (2013) 
 Report preparation (final report to be prepared in 2016) 


Channel Assessments: 
 Initial geomorphic assessment at each monitoring location (to determine stream susceptibility type –  


2011-2012) 
 Baseline cross section surveys at each monitoring location (2011-2012) 
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 Annual geomorphic assessments at each monitoring location (to assess channel condition and response - 
2012 – 2016) 


 Cross section surveys (after 5 years) at each monitoring location (2016) 


Sediment Transport Analysis: 
 Flow and sediment monitoring station installation 
 Continuous pre-project, post-project and reference station flow, sediment and rainfall data collection 


(2012 – 2016) 


Flow Duration Analysis: 
 HMP facility outflow monitoring station installation  
 Continuous post-project HMP facility outflow data collection (2013 – 2016) 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


9 .  C O N C L U S I O N S  


Implementation of this HMP satisfies Provision D.1.g of Board Order R9-2007-0001.  Adherence to 
guidelines outlined in the HMP is required “to manage increases in runoff discharge rates and durations for 
all Priority Development Projects, where such increased rates and durations are likely to cause increased 
erosion of channel beds or banks, sediment pollutant generation, or other impacts to beneficial uses and 
stream habitat due to increased erosive force.” 


Order R9-2007-0001 contains requirements that strongly influence the methodology contained in this HMP.  
As recommended in the HMP, post-project flows must match pre-project flows within the prescribed 
geomorphically significant flow range.  


Flow control options to meet the criteria include LID facilities, which promote infiltration and filtration to 
attain the required flow mitigation, and extended flow duration control detention basins.  Continuous 
hydrologic modeling is required to prove conformance with the standards presented in this HMP.  


Specific permit requirements, detailed below, have been addressed by this HMP. 
 Provide performance criteria for Priority Development Projects (Chapter 6) 
 Include a protocol to evaluate potential hydrograph change impacts to downstream watercourses from 


PDPs (Chapter 6). 
 Provide a description of how the Copermittees will incorporate the HMP requirements into their local 


approval processes (Chapter 1). 
 Include a description of pre- and post-project monitoring and other program evaluations to be conducted 


to assess the effectiveness of implementation of the HMP (Chapter 8). 
 Include mechanisms for addressing cumulative impacts within a watershed on channel morphology 


(Chapter 5). 
 Utilize a continuous rainfall record to identify the geomorphically significant flow range (Chapter 5). 
 Include a pertinent literature review (Chapter 4) 
 Include criteria on management practices designed to mitigate increases to peak flows and durations 


(Chapter 7) 
 Include information on the evaluation of channel form and condition (Chapter 5) 


The Copermittees will incorporate HMP requirements into the local approval processes via incorporation of 
HMP criteria into their local SUSMPs.  The San Diego region’s updated Model SUSMP will incorporate the 
Final HMP criteria.  HMP criteria will be incorporated into the local SUSMP and municipal ordinances no 
later than 180 days following RWQCB adoption of the HMP. 


Information presented in the HMP has been prepared in association with the County of San Diego, San 
Diego Storm Water Copermittees, the Technical Advisory Committee, and the consultant team. 
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  


1 0 .  L I M I T A T I O N S  


Report Limitations  
This document was prepared solely for the County of San Diego in accordance with professional standards at 
the time the services were performed and in accordance with the contract between the County of San Diego 
and Brown and Caldwell dated September 6, 2007.  This document is governed by the specific scope of work 
authorized by the County of San Diego; it is not intended to be relied upon by any other party except for 
regulatory authorities contemplated by the scope of work.  We have relied on rainfall data provided by the 
County of San Diego and other parties and have made no independent investigation as to the validity or 
accuracy of such data. 
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1. INTRODUCTION AND BACKGROUND 


 
1.1 PURPOSE OF THE REPORT 
 
San Diego County and its copermittees are required to develop a Hydromodification Management 
Plan (HMP) under their National Pollutant Discharge Elimination System (NPDES) MS4 permit. 
The purpose and requirements of the HMP are described in a 2007 Regional Water Quality 
Control Board (RWQCB) order renewing the NPDES permit (Order No. R9-2007-0001). The 
purpose of the HMP is to identify guidelines for managing ‘geomorphically-significant’ flows 
that, if not controlled, would cause increased erosion of receiving waters. Specifically, the HMP 
must identify a low and high flow threshold between which flows should be controlled so that the 
post-project flow rates and durations do not exceed pre-project levels between these two flow 
magnitudes. The lower flow threshold is required to correspond to critical flow producing critical 
shear stress in the channel. The flow control language in the Board Order is as follows: 
 


Utilize continuous simulation of the entire rainfall record to identify a range of runoff 
flows8 for which Priority Development Project post-project runoff flow rates and 
durations shall not exceed pre-project runoff flow rates and durations, where the 
increased flow rates and durations will result in increased potential for erosion or other 
significant adverse impacts to beneficial uses, attributable to changes in the flow rates 
and durations. The lower boundary of the range of runoff flows identify shall correspond 
with the critical channel flow that produces the critical shear stress that initiates channel 
bed movement or that erodes the toe of channel banks. The identified range of runoff 
flows may be different for specific watersheds, channels or channel reaches. 
 
8 The identified range of runoff flows to be controlled should be expressed in terms of peak flow rates of 


rainfall events, such as “10% of the pre-project 2-year peak flow up to the pre-project 10-year peak flow.” 
 
1.2 CONCEPTS BEHIND ‘GEOMORPHICALLY-SIGNIFICANT FLOWS’, CRITICAL 


FLOWS AND FLOW CONTROL 
 
For the purposes of this project ‘hydrograph modification’ or ‘hydromodification’ is understood 
to mean changes to the frequency, duration and magnitude of surface runoff that, when untreated, 
cause an increase in erosion of the receiving water body. Hydromodification occurs when 
urbanization replaces areas of vegetated, uncompacted soil with impermeable surfaces such as 
buildings, roads and compacted fill. The reduction in permeability results in increased volumes of 
runoff, and faster and more concentrated delivery of this water to receiving waters. These changes 
have the potential to cause creeks to erode faster than before development.1  
                                                      
1 Although the focus of hydromodification management plans has been on increased erosion it should be 
noted that in rivers that are depositional hydromodification can cause creeks to regain some transport 
equilibrium. 
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Stream flows are often expressed in terms of the frequency with which a particular flow occurs. 
For example, Q2 refers to the flow rate that occurs once every two years, on average over the long 
term. Flow frequencies are a function of rainfall and watershed characteristics, and are unique to 
each stream channel (and location along the channel).  The effects of urbanization tend to 
increase the magnitude of the flow associated with a given frequency (e.g. post-development Q2 
higher than pre-development Q2). Similarly, urbanization tends to increase the frequency with 
which any given flow rate occurs. The purpose of the HMP is to control runoff from new 
developments so that flow magnitudes and frequencies match pre-development conditions within 
a critical range of flows. 
 
Not all runoff causes erosion: runoff in receiving channels below a critical discharge (Qcrit) does 
not exert sufficient force to overcome the erosion resistance of the channel banks and bed 
materials. Flows greater than Qcrit cause erosion, with larger flows causing proportionally greater 
erosion. It has been determined by calculations and field measurements that most erosion in most 
natural creeks is caused by flows between some fraction of Q2 and Q10 (see for example Leopold, 
1964). Flows in this range are referred to as ‘geomorphically-significant’ because they cause the 
majority of erosion and sediment transport in a channel system.  
 
Flows greater than Q10, though highly erosive per event, occur too infrequently to do as much 
work as smaller but more frequent flows (see Figure 1). Hydromodification also has less impact 
on flows greater than Q10 since at such high rainfall intensities the soil becomes saturated and the 
infiltration capacity of undeveloped landscapes is rapidly exceeded. When the soil is saturated, 
runoff rates become more similar to those from impervious surfaces. For these reasons, HMPs 
have focused on identifying a low flow threshold that is close to Qcrit for most receiving channels, 
and controlling flows between that value and Q10 (see for example the HMPs completed in Santa 
Clara, Contra Costa, Alameda and San Mateo Counties). By requiring treatment (storage and 
either infiltration or detention) of excess runoff within the control range, and by limiting the 
release of excess water to Qcrit or less, HMPs seek to prevent additional erosion in receiving 
channels.  
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2. IDENTIFYING A HIGH FLOW THRESHOLD 
 
Previous HMPs have focused considerable attention on the low flow threshold, but little on the 
high flow threshold. The use of an upper flow threshold is based on two assumptions: 


1. Flows above this level cause relatively little cumulative erosion in receiving waters due 
to their low recurrence 


2. Flows above this level are relatively unaffected by hydromodification because at such 
high rainfall intensities and durations the pre-development ground cover become 
saturated and most rain runs off, similar to in a post development condition. 


 
The five HMPs developed to date in California have all adopted a value of Q10 as the upper 
threshold. We propose adopting the same value for the San Diego HMP. 
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3. IDENTIFYING A LOW FLOW THRESHOLD 


 
Erosion occurs when the shear stress exerted on the channel by flowing water (boundary shear 
stress) exceeds the resistance of the channel (critical shear stress). Critical shear stress varies by 
several orders of magnitude for different channel materials (Table 1). Critical flow (Qcrit) is the 
channel flow which produces boundary shear stress equal to the critical shear stress for a given 
channel. That is, the flow rate that can initiate erosion in a channel. Qcrit is a function not only of 
the critical shear stress of the channel materials, but also channel size, and channel geometry. A 
particular flow rate (expressed as a number of cubic feet per second) in a small, steep, confined 
channel will create more shear stress than the identical flow rate in a large, flat, wide open 
channel. Thus Qcrit can be extremely variable depending on channel and watershed characteristics 
and will be different in each channel, and in each watershed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Range of critical shear stresses (cr) for different materials. From Fischenich, 2001. 
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It was the original intent of the HMP project team to identify a single low flow threshold for the 
entire county (per previous HMPs). However, an extensive assessment of channel and runoff 
conditions led the team to conclude that there was a very wide range in critical flows, based 
largely on channel material but also on channel dimensions, rainfall, and watershed area2. 
Adopting a single standard that is conservative for the most vulnerable channels would result in 
controls that were excessively conservative for more resilient channels, while adopting an 
‘average’ value would leave some channels unprotected. As the ongoing SCCWRP Hydromod 
project is showing, individual creeks have different risk categories and respond in different ways 
to the same level of hydromodification. Because of this natural variability, we pursued an 
analytical approach for estimating Qcrit as a function of parameters such as channel materials, 
channel dimensions and watershed area. The following sections of this report describe an analysis 
of Qcrit as a fraction of Q2 for the range of channel conditions in San Diego County. This is 
followed by a description of a calculator tool developed by PWA that may be used to calculate 
Qcrit for a specific channel based on parameters that may be readily measured in the field. The 
analyses described in this report provide background for the selection of low flow thresholds 
identified in the HMP. 


                                                      
2 These early analyses are summarized in Appendix D of the Final Hydromodification Management Plan. 
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4. CRITICAL FLOW ANALYSIS 


 
4.1 BACKGROUND 
 
PWA conducted a sensitivity analysis in which a wide range of channel sizes and geometries, 
rainfalls, watershed areas and channel materials were modeled in a flow-erosion model to identify 
Qcrit as a function of Q2. In all, 170 combinations of channel, rainfall and watershed conditions 
were assessed (described below). Based on the results of this sensitivity analysis, a range of Qcrits 
were identified for several categories of channel materials. 
 
The steps used to conduct the sensitivity analysis: 
 


1. Identify the typical range of rainfall conditions for the HMP area (west San Diego 
County) 


2. Identify the range of typical watershed areas likely to be developed  
3. Identify a range of typical receiving channel dimensions for each watershed area 
4. Identify a range of typical channel materials for receiving channels 
5. Simulate a range of flows and develop rating curves (relationships between discharge and 


boundary shear stress) 
6. Identify the flow rate at which boundary shear stress exceeds critical shear stress for the 


channel and material 
7. Express this flow rate as a function of Q2 
8. Group critical flow rates by channel materials. 


 
Steps 1 through 4 were used to define the range of parameters to use in the sensitivity testing. The 
intent was to identify a typical range of conditions likely to occur in the HMP area (west San 
Diego County), rather than provide an exhaustive description of possible watershed and channel 
conditions. Sensitivity testing on many combinations of parameters within this typical range 
allows identification of the range of channel responses and critical flows.  
 
Each step in the critical flow analysis is explained in detail in the following sections. 
 
4.2 IDENTIFY THE TYPICAL RANGE OF RAINFALL CONDITIONS FOR THE HMP 


AREA (WEST SAN DIEGO COUNTY) 
 
Mean annual rainfall was used to estimate receiving channel size, Q2, Q5 and Q10 (methods 
described in subsequent sections). Figure 2 shows mean annual rainfall for San Diego County. 
Based on the map, three mean annual rainfalls were selected to represent the range of rainfall 
conditions for the simulations: 10”, 20” and 30”. 
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Figure 2. Rainfall distribution in San Diego County  
 
 
4.3 IDENTIFY THE RANGE OF TYPICAL WATERSHED AREAS LIKELY TO BE 


DEVELOPED  
 
Based on discussions with the Technical Advisory Committee, a range of representative 
watershed areas for development projects was identified. These were: 0.1 sq mi, 0.5 sq mi, 1 sq 
mi, 2 sq mi. We assumed that in project watersheds larger than 2 sq mi the development would 
either require site specific continuous simulation modeling, or be broken into multiple smaller sub 
watersheds with individual points of compliance.  
 
 
4.4 IDENTIFY A RANGE OF TYPICAL RECEIVING CHANNEL DIMENSIONS FOR 


EACH WATERSHED AREA 
 
Empirical relationships have been developed to express channel dimensions (width, depth and, to 
a lesser extent, gradient) as a function of dominant discharge. Dominant discharge for a creek 
channel is the flow rate that transports the majority of sediment and creates/maintains the 
characteristic size and shape of the channel over time. Dominant discharge may also be referred 
to as bankfull flow. For undeveloped channels in semi arid parts of the US, dominant discharge is 
approximately equivalent to Q5. For example, Coleman et. al. (2005) found dominant discharge 
for streams in Southern California to average Q3.5 (range = Q2.1 – Q6.7.) Goodwin (1998) found 
dominant discharge to vary from Q2 to Q10 for semi arid regions.  
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To capture natural variability in channel geometry, we used three different empirical channel 
geometry relationships to estimate receiving channel dimensions for the range of watershed areas 
and rainfall characteristics used in this study. The relationships were:  
 
Coleman et. al. 2005 (modified by Stein – personal communication) – derived from undeveloped 
channels in Southern California, tends to predict narrow, deep, steep dimensions. 
 


Width (ft) = 0.6012 * Qbf
0.6875 


 
Depth (ft) = 0.3854 * Qbf


0.3652  
 
Where Qbf is in cfs. 
 
Parker et al. 2007 – suitable for gravel channels, tends to predict wide, shallow, flat braided 
dimensions. 
 


Width (m) = 4.63 * (Qbf
2/5) / (9.811/5) * (Qbf / Sqrt (9.81 * d50) * d502))0.0667 


 
Depth (m) = 0.382*((Qbf2/5)/(9.811/5))) 


 
Where Qbf is bankfull discharge in m3/sec and d50 (diameter of median channel material) is in m. 
 
The Parker equation was only used to assess gravel and cobble channel conditions. 
 
Hey and Thorne 1986 tends to predict medium width, depth, and gradient channels. 


 
Width (m) = 2.73*Qbf


0.5 
 
Depth (m) = 0.22 * Width0.37 * d50-0.11 


 
Where Qbf is in m3/sec and d50 is in m. 
 
(Note that we have used the original combinations of English and metric units described in the 
source papers rather than standardized these equations in one set of measurements.) 
 
The three equations cover a wide range of likely field conditions, from deeply incised channels 
(Coleman et al, 2005) to wide, braided conditions (Parker, 2007). Note that for the sensitivity 
analysis we set d50 in the Parker et al. equation to the d50 of the channel material being tested, 
and did not use the equation for channels where the material was sand or silt.  
 
The equations produce estimations of width and depth. To estimate a slope for each combination 
of channel dimensions we calculated the velocity associated with each cross section (by dividing 
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discharge by width multiplied by depth) and calculated the slope that corresponded with that 
velocity using Manning’s equation. 
 
 Velocity (ft/sec) = 1.486 HR0.66 * s0.5 
                                                             n 
  
Where HR is channel hydraulic radius, s is slope, and n is Manning’s roughness coefficient (see 
definitions). For the purposes of the sensitivity analysis a value of n 0.035 was assumed, 
corresponding to a non vegetated, straight channel with no riffles and pools. This is a reflection of 
the small, ephemeral receiving channels which are most prevalent in Southern California 
developments. A relatively low value was used at the request of the San Diego RWQCB so that 
the values erred on the conservative side. 
 
These equations all require a value for bankfull discharge. Bankfull discharge (assumed to be 
approximately Q5) was estimated using the USGS regional regression for undeveloped 
watersheds in the South Coast region (Waananen and Crippen, 1977). This equation calculates Q5 
as a function of watershed area and mean annual precipitation, based on empirical observations of 
USGS gages. The relationship is: 
 


Q5 (cfs) =  0.4 * Watershed Area0.77 * Mean Annual Precipitation1.69 
 
Where watershed area is in square miles and precipitation is in inches. 
 
For each combination of typical watershed area (Section 2.2) and mean annual rainfall (Section 
2.3) we calculated Q5 using the USGS regression, then calculated three sets of channel 
dimensions based on the three channel equations. This provided the range of channel conditions 
to simulate for the critical flow analysis. The total number of channel conditions was as follows: 
 


3 rainfalls (10, 20, 30 inches per year)  
4 watershed areas (0.1, 0.5, 1, 2 square miles) 
3 channel width, depth and slope combinations (narrow/deep, medium, wide/shallow)  
= 36 combinations of receiving channel geometry 


 
 
4.5 IDENTIFY A RANGE OF TYPICAL CHANNEL MATERIALS FOR RECEIVING 


CHANNELS 
 
We identified a range of typical channel materials based on feedback from the TAC and 
experience gained working in San Diego County. The identified materials are not intended as a 
comprehensive list of possible channel materials, but to cover the range of critical shear stresses 
likely to be encountered in typical western San Diego County channels. The identified range is as 
follows: 
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Material 
Critical shear stress 


(lb/sq ft)
Coarse unconsolidated sand  0.025
alluvial silt (non coloidal)  0.045
medium gravel 0.12
alluvial silt/clay 0.26
2.5 inch cobble  1.1


 
Combining the 5 channel material types with the 36 combinations of channel geometry produces 
180 potential combinations of receiving channel characteristics. Ten sets of combinations were 
omitted from the analysis because they produced physically unrealistic conditions, such as slopes 
that were too steep to be developed. Exclusion of these results did not significantly affect the 
overall results. 
 
4.6 DEVELOP SHEAR STRESS RATING CURVES  
 
Rating curves for the 36 different combinations of receiving channel characteristics were 
developed using the same Excel worksheet that forms the basis for the Qcrit calculator developed 
for Track 2 (described in later sections). Using channel cross section, roughness and gradient 
input by the user, the tool calculates the average boundary shear stress associated with a range of 
different flow depths to construct a rating curve (discharge on the x axis versus shear stress on the 
y axis). It then identifies the flow rate where average boundary shear stress equals critical shear 
stress for the channel materials. This is the critical flow (Qcrit). By dividing this number by Q2 we 
identify the critical flow for each simulation as a function of Q2 (e.g. 0.1Q2 where the critical flow 
is one tenth of the Q2 flow).  
 
The tool calculates a shear stress rating curve for a range of flows between 1% and 100% of the 
bankfull flow depth. Bankfull flow depth is defined as the flow depth that corresponds to the 
dominant discharge for a given channel.  The range 1% to 100% of bankfull is used because 
critical flow rarely falls outside these values. The tool then calculates an equation that allows for 
interpolation between the points. For each of the depths, the tool calculates discharge and average 
boundary shear stress exerted on the bed, as described below. 
 
4.6.1 Calculating Average Boundary Shear Stress 
 
Average boundary shear stress is the force that flowing water exerts on channel materials. For a 
given channel cross-section, it is calculated as follows: 
 


b =   * HR * s 
 


where  b  =  average boundary shear stress (lb/ft2) 
   = unit weight water (62.4 lb/ft3) 
 HR    = Hydraulic radius (cross section area / wetted perimeter) 
 S       =  channel slope (ft/ft) 
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For each depth increment between 1% and 100% of bankfull, cross section area, wetted 
perimeter, HR and b are calculated. Slope is a constant for the cross section. These calculations 
produce a rating curve for boundary shear as a function of flow depth.  
 
4.6.2 Calculating Flow Rate 
 
This step converts flow depth to flow rate (Q) so that the rating curve may be expressed as a 
function of Q. For each depth increment between 1% and 100% of bankfull, the flow rate is 
calculated using Manning’s equation: 
 
 Velocity (ft/sec) = 1.486  HR0.66 * s0.5 
                                                            n 


 
where V = velocity (ft/sec) 
 n = Manning’s roughness coefficient  
 
For the sensitivity analysis Manning’s n was assumed to be 0.035, which is typical for a non-
vegetated ephemeral channel. We assumed that for most developments covered by the HMP the 
receiving channels would be relatively high in the watershed and would have received little 
summer flow. In interim sensitivity analysis found that relative to other factors such as critical 
shear stress, the range of roughness factors found in receiving channels had little effect on the 
estimated critical shear flow rate.  
 
Discharge is calculated as velocity multiplied by cross section area (calculated for each cross 
section, above). The result of these calculations is a rating curve showing boundary shear stress 
for the receiving channel as a function of discharge, with the highest point representing bankfull 
depth (see Figure 3 below). Rating curves were created for each of the 36 combinations of 
channel characteristics. 
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Figure 3. Shear stress rating curve for an example channel (0.5%, 10 feet wide, 2 feet deep). 
These curves were created for 36 different combinations of channel characteristics. 
 
 
4.7 IDENTIFY CRITICAL FLOW FOR THE CHANNEL AND MATERIAL 
 
Qcrit is the flow rate at which boundary shear stress equals critical shear stress. The tool uses a 
power function to interpolate the discharge versus boundary shear stress rating curve, to allow 
calculation of an intercept between the rating curve and critical shear stress. The critical shear 
stress for each channel material was plotted horizontally from the Y axis until it intercepted the 
rating curve. The intercept point was extended vertically to the X axis, showing the Qcrit (see 
Figure 4 below). In this way, Qcrit was calculated for each of the five channel materials using each 
of the 36 rating curves representing different channel dimensions. As mentioned above, 10 
combinations unlikely to occur in nature were eliminated, resulting in a total of 170 Qcrit 
calculations.   
 







 


 
12/29/2009 SanDiegoHMP_LowFlowReport122909.doc  


 


 
Figure 4. Example of a rating curve with critical shear stress for medium sized gravel. In this 
example critical shear stress = 0.12 lb/sq ft and critical flow Qcrit = 6.4 cfs.  
 
 
4.8 EXPRESS CRITICAL FLOW AS A FUNCTION OF Q2 
 
As described above, each rating curve represents a particular combination of watershed area and 
channel dimensions. Q2 was calculated for each combination using the USGS regional regression 
for Q2 as described in section 4.4. By dividing the calculated Qcrit by the appropriate Q2, Qcrit as a 
proportion of Q2 was calculated for the 170 scenarios. These Qcrits were then plotted by material 
type, showing mean and one standard deviation either side of the mean. Note that although we 
assume that Q5 is bankfull discharge, we express the critical flow as a function of Q2 as has 
become standard for HMPs. 
 
4.9 CRITICAL FLOW ANALYSIS RESULTS 
 
The results show the high degree of variability in Qcrit based on different channel materials. It is 
important to note that in field conditions many of the most extreme cases shown in the figure 
(examples with very high or very low thresholds) would tend to evolve to conditions that yielded 
critical flows closer to the bankfull discharge because channels have a tendency to self 
equilibrate. For example, channels with materials that have very low critical flows such as 
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unconsolidated sand tend to erode and either flatten (lowering shear stress, and so increasing 
critical flow rate) or armor (increasing flow resistance, and increasing critical flow rate). 
Likewise, channels with materials that have very high thresholds tend to either become steeper 
due to deposition (increasing shear stress and lowering critical flow rate) or fill in with finer 
material (reducing resistance and lowering critical flow rate).  
 
 
4.10 DISCUSSION  
 
As the results of this analysis demonstrate, critical flow is extremely variable among channel 
materials and, for a given channel material, can vary significantly with channel configuration 
(slope, width/depth ratio etc.). Unconsolidated fine sediments can be mobilized by extremely low 
flows in the absence of clays or other consolidating elements with the structure of the channel. 
This result is based on literature values for critical shear stress for unconsolidated materials and 
may not be realistic for natural channels. Therefore in setting flow thresholds this result should be 
balanced with the recognition that natural channels are likely to include some consolidating 
fraction within their structure, as well as practical considerations associated with controlling 
trickle flows that represent the smaller fractions of Q2 analyzed in this study.  
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5. TOOL FOR CALCULATING SITE-SPECIFIC CRITICAL FLOW 


 
 
5.1 BACKGROUND 
 
PWA developed a tool for calculating a site-specific critical flow (Qcrit) based on local conditions. 
Qcrit for the receiving channel is calculated based on channel geometry (width, depth and 
gradient), channel materials, and watershed area.  
 
The approach taken was to develop an Excel spreadsheet model to calculate the boundary shear 
stress associated with a range of flows up to Q5 for a given channel width, depth and slope, then 
plot the critical shear stress for the channel material on this rating curve over to identify the flow 
where boundary shear stress equals critical shear stress (see example graph below).  
 
The development steps were as follows: 
 


1. Develop simplified channel cross section and gradient inputs 
2. Calculate a shear stress rating curve  
3. Characterize channel materials in terms of critical shear stress 
4. Plot critical shear stress of the receiving channel on the rating curve to determine Qcrit 
5. Divide the critical low flow by the project areas as a proportion of the receiving water 


watershed area to determine the allowable flow at the point of compliance 
 
5.2 SIMPLIFIED CHANNEL CROSS SECTION AND GRADIENT INPUTS 


 
The tool generates a flow rating curve based on user inputs describing the receiving channel 
dimensions (cross section) and gradient. The first step in developing the tool was to create a 
template for inputting the required channel parameters. The template assumes a simple 
trapezoidal cross section, with the following elements: 


1. Channel width at a well defined break point corresponding to top of bank (a) 
2. Channel width at the toe of the bank (b) 
3. Channel depth (elevation difference between bank top and channel bed) (c) 


 
Assumptions: 


1. Receiving channels can be reasonably represented by a simple trapezoidal cross section 
2. The top of bank corresponds reasonably to the level inundated by the dominant discharge 


(approximately equal to Q5) 
 
If top of bank is much higher than the dominant discharge flow depth (e.g. in an incised channel) 
the applicant should adjust the cross section to represent the lower part of the channel so that 
depth (c) corresponds approximately to the Q5 depth.  
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a


b


c


 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


5.3 DEVELOP A SHEAR STRESS RATING CURVE 
 
The tool creates a shear stress rating curve for a range of flows between 1% of the bankfull flow 
depth and bankfull depth (flow at depth (c).) The range 1% to 100% of bankfull is used because 
critical flow rarely lies outside these values. The tool then calculates a power function between 
the points to allow for interpolation. For each of the flows the tool calculates average boundary 
shear stress exerted on the bed, and discharge, as described below. 
 
5.3.1 Calculating Average Boundary Shear Stress 
 
Average boundary shear stress is the force that erodes channel materials. It is calculated as 
follows: 
 


crit =   * HR * s 
 
where  crit  =  average boundary shear stress (lb/ft2) 
   = unit weight water (62.4 lb/ft3) 
 HR    = Hydraulic radius (cross section area / wetted perimeter) 
 S       =  channel slope (ft/ft) 
 
For each depth increment between 1% of bankfull and bankfull, cross section area, wetted 
perimeter, HR and crit are calculated. Slope is assumed to be constant for the cross section; 
therefore multiple calculations may be required for variable slope conditions. These calculations 
produce a rating curve for boundary shear stress as a function of flow depth. 
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5.3.2 Calculating Discharge 
 
For each depth increment between 1% of bankfull and bankfull discharge is calculated using 
Manning’s equation: 
 


V = 1.486 HR0.66 * S0.5 
                        n 
 


where V = velocity (ft/sec) 
 n = Manning’s roughness coefficient  
 
Manning’s n is entered by the user from a drop down dialogue box ranging from 0.03 (smooth, 
straight earth channel with no vegetation) to 0.12 (windy, rough bed channel with dense 
vegetation). 
 
Discharge is calculated as velocity multiplied by cross section area. The product of these 
calculations is a rating curve showing boundary shear stress for the receiving channel as a 
function of discharge, with the highest point representing bankfull flow (see Figure 7 below).  
 
 


 
Figure 7. Shear stress rating curve for an example channel (0.5%, 10 feet wide, 2 feet deep) 
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5.4 CHARACTERIZE RECEIVING CHANNEL MATERIALS IN TERMS OF CRITICAL 
SHEAR STRESS 


 
The critical shear stress of the channel materials is estimated using a look-up table based on 
values published by the USACE (Fischenich, 2001). The tool provides values of critical shear 
stress for a wide range of channel materials in a drop down box so the user can select from the 
list, or select a median particle size (d50). The values are shown in Table 1. The calculator also 
allows the user to input a vegetated channel material when this is appropriate (when the channel 
is completely lined in vegetation). The process for identifying representative materials is covered 
in the implementation chapter.  
 
 
5.5 CALCULATING CRITICAL FLOW FOR THE RECEIVING WATER 
 
Critical flow is the discharge at which boundary shear stress equals critical shear stress. The tool 
uses a power function to interpolate the discharge versus boundary shear stress rating curve. The 
critical shear stress for the weaker of the bed or banks is plotted horizontally from the Y axis until 
it intercepts the rating curve. The intercept point is extended vertically to the X axis, showing the 
critical flow (see Figure 8 below). This represents Qcrit for the receiving water. Note that the 
creation of a site-specific rating curve allows Qcrit to be expressed as a specific flow rate (Q) 
rather than a fraction of Q2. 
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Figure 8. Example of a rating curve with critical shear stress for medium sized gravel. In this 
example critical shear stress = 0.12 lb/sq ft and critical flow Qcrit = 6.4 cfs.  
 
 
5.6 CALCULATING CRITICAL FLOW AT THE POINT OF COMPLIANCE 
 
The tool calculates critical flow based on the characteristics of the receiving water. Where the 
project watershed does not make up the entire watershed area for the receiving water, it is 
necessary to divide the estimated Qcrit based on the percentage of the watershed that is occupied 
by the project site3. For example, if a project occupies one tenth of the receiving water’s 
watershed at the point of compliance and the critical flow level is 50 cfs, the project’s ‘share’ of 
the non-erosive flow is 5 cfs (50 x 1/10). This prevents the cumulative impact of future 
developments from exceeding critical flow in the receiving water, since the critical flow is 
apportioned according to watershed area.  
 
Critical flow at  =    Critical flow                 x  project area 
Point of Compliance         at receiving water         watershed area 
 
 


                                                      
3. It is not necessary to adjust the “off-the-shelf” thresholds developed for Track 1 for point of compliance, 
since they are expressed as a fraction of Q2 for the relevant project area.  
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5.7 CONVERSION OF CRITICAL FLOW TO FLOW CLASS 
 
To avoid having an infinite range of flow control standards the calculator assigns the discharge 
into one of three classes based on its value as a function of the estimated Q2. These classes are: 
0.1Q2, 0.3Q2, 0.5Q2. For example, a channel where the critical flow is 0.15Q2 would be assigned a 
flow threshold of 0.1Q2. Channels with critical flows less than 0.1Q2 are assigned to the 0.1Q2 
class. The class flow rate is calculated (i.e. the critical flow corresponding to the assigned fraction 
of Q2 and expressed as the final output of the tool. 
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6. GLOSSARY 
 
Bankfull depth 
The water depth between the deepest part of the channel and the water surface, during bankfull 
discharge. Also the vertical distance between the uppermost ‘bankfull indicators’ and the deepest 
part of the channel. 
 
Bankfull discharge 
The flow rate at which the actively scoured portion of the creek channel is filled with water. In 
southern California bankfull discharge has typically been found to be between Q2 and Q7, with 
an average of approximately Q5. 
 
Bankfull indicators 
Morphological evidence for the portion of a creek channel that is subject to active scour and 
sediment transport processes. Typical indicators include scour lines along a bank, the highest 
vertical level on point bars, base of undercut tree roots. 
 
Bankfull width 
The width of the channel at the water surface during bankfull discharge. Also the horizontal 
distance between ‘bankfull indicators’ across a channel. 
 
Critical flow 
The discharge corresponding to Critical Shear Stress. Varies with channel geometry and 
materials. 
 
Critical shear stress 
The shear stress at which a given channel material is eroded. In non cohesive sediments larger 
particles have higher critical shear stresses. In cohesive sediments (those smaller than 0.063 mm) 
sediment has higher critical shear stresses than fine, non cohesive materials  
 
d50 
The median sediment particle size in a sample of material taken from a creek bed (diameter of the 
50th percentile) 
 
Geomorphically-significant flows 
The range of flows that, over a period of several decades, erode and transport the majority of the 
sediment in a creek system. The mid range of this flow range tends to be similar to “bankfull” 
discharge, leading people to infer that these flows shape the channel as well as moving most 
sediment. Calculated by integrating the flow frequency curve with the sediment rating curve. 
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Point of Compliance 
The point at which collected stormwater from a development is delivered from a constructed or 
modified drainage system into the natural creek receiving water. Note that the HMP applies only 
to discharge into a natural creek of receiving water, and does not apply to sheet flow or overland 
flow from a developed site.  
 
Q2 
The discharge that recurs on average every 2 years, and that has a 50% probability of occurring in 
any single year. 
 
Q10 
The discharge that recurs on average every 10 years, and that has a 10% probability of occurring 
in any single year. 
 
Shear stress (also known as boundary shear stress or average boundary shear stress) 
The average force exerted by flowing water on the channel boundary. Shear stress is the force 
responsible for eroding sediment from the channel boundary. It is a function of water surface 
gradient (related to channel gradient), water depth, and water density. 
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EXECUTIVE SUMMARY 


Managing the effects of hydromodification (physical response of streams to changes in 
catchment runoff and sediment yield) has become a key element of most stormwater programs in 
California.  Although straightforward in intent, hydromodification management is difficult in 
practice.  Shifts in the flow of water and sediment, and the resulting imbalance in sediment 
supply and capacity can lead to changes in channel planform and cross-section via wide variety 
of mechanisms.  Channel response can vary based on factors such as boundary materials, valley 
shape and slope, presence of in-stream or streamside vegetation, or catchment properties (e.g., 
slope, land cover, geology).   
 


Figure ES1:  Decision nodes that influence the management 
prescription for a particular stream reach.  
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Management prescriptions should be flexible 
and variable to account for the heterogeneity 
of streams; a given strategy will not be 
universally well-suited to all circumstances.  
Management decisions regarding a particular 
stream reach(s) should be informed by an 
understanding of susceptibility (based on both 
channel and catchment properties), resources 
potentially at risk (e.g., habitat, infrastructure, 
property), and the desired management 
endpoint (e.g., type of channel desired, 
priority functions; see Figure ES1).  
 


We have produced a series of documents that outline a process and provide tools aimed at 
addressing the decision node associated with assessing channel susceptibility.  The three 
corresponding hydromodification screening tool documents are: 


1. GIS-based catchment analyses of potential changes in runoff and sediment discharge 
which outlines a process for evaluating potential change to stream channels resulting 
from watershed-scale changes in runoff and sediment yield.  


2.  Field manual for assessing channel susceptibility which describes an in-the-field 
assessment procedure that can be used to evaluate the relative susceptibility of channel 
reaches to deepening and widening. 


3.  Technical basis for development of a regionally calibrated probabilistic channel 
susceptibility assessment which provides technical details, analysis, and a summary of 
field data to support the field-based assessment described in the field manual. 


 
The catchment analyses and the field manual are designed to support each other by assessing 
channel susceptibility at different scales and in different ways.  The GIS-based catchment 
analyses document is a planning tool that describes a process to predict likely effects of 
hydromodification based on potential change in water and sediment discharge as a consequence 
of planned or potential landscape alteration (e.g., urbanization).  Data on geology, hillslope, and 
land cover are compiled for each watershed of interest, overlaid onto background maps, grouped 
into several discrete categories, and classified independently across the watershed in question.  
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The classifications are used to generate a series of Geomorphic Landscape Units (GLUs) at a 
resolution defined by the coarsest of the three data sets (usually 10 to 30 m).  Three factors: 
geology, hillslope, and land cover are used because the data are readily available; these factors 
are important to controlling sediment yield.  The factors are combined into categories of High, 
Medium, or Low relative sediment production.  The current science of sediment yield estimation 
is not sophisticated enough to allow fully remote (desktop) assignment of these categories.  
Therefore initial ratings must be verified in the field.     
 
Once the levels of relative sediment production (i.e., Low, Medium, and High) are defined across 
a watershed under its current configuration of land use, those areas subject to future development 
are identified, and corresponding sediment-production levels are determined by substituting 
Developed land cover for the original categories and modifying the relative sediment production 
as necessary (Figure ES2).  Conversely, relative sediment production for currently developed 
watershed areas can be altered to estimate relict sediment production for an undeveloped land 
use and used to assess the impact of watershed development on pre-development sediment 
production.  The resultant maps can be used to aid in planning decisions by indicating areas 
where changes in land use will likely have the largest (or smallest) effect on sediment yield to 
receiving channels.   
 


 


 


 


 
Figure ES2:  Example of Geomorphic Landscape Units for the Escondido Creek Watershed. 
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The field assessment procedure is intended to provide a rapid assessment of the relative 
susceptibility of a specific stream reach to effects of hydromodification.  The intrinsic sensitivity 
of a channel system to hydromodification as determined by the ratio of disturbing to resisting 
forces, proximity to thresholds of concern, probable rates of response and recovery, and potential 
for spatial propagation of impacts.  A combination of relatively simple, but quantitative, field 
indicators are used as input parameters for a set of decision trees.  The decision trees follow a 
logical progression and allow users to assign a classification of Low, Medium, High, or Very 
High susceptibility rating to the reach being assessed.  Ratings based on likely response in the 
vertical and lateral directions (i.e., channel deepening and widening) are assigned separately.  
The screening rating foreshadows the level of data collection, modeling, and ultimate mitigation 
efforts that can be expected for a particular stream-segment type and geomorphic setting.  The 
field assessment is novel in that it incorporates the following combination of features: 


 Integrated field and office/desktop components 
 Separate ratings for channel susceptibility in vertical and lateral dimensions  
 Transparent flow of logic via decision trees 
 Critical nodes in the decision trees are represented by a mix of probabilistic diagrams and 


checklists 
 Process-based metrics selected after exhaustive literature review and analysis of large 


field dataset  
 Metrics balance process fidelity, measurement simplicity, and intuitive interpretability 
 Explicitly assesses proximity to geomorphic thresholds delineated using field data from 


small watersheds in southern California 
 Avoids bankfull determination, channel cross-section survey, and sieve analysis, but 


requires pebble count in some instances 
 Verified predictive accuracy of simplified logistic diagrams relative to more complex 


methods, such as dimensionless shear-stress analyses and Osman and Thorne (1988) 
geotechnical stability procedure 


 Assesses bank susceptibility to mass wasting; field-calibrated logistic diagram of 
geotechnical stability vetted by Colin Thorne (personal communication) 


 Regionally-calibrated braiding/incision threshold based on surrogates for stream power 
and boundary resistance 


 Incorporates updated alternatives to the US Geological Survey (USGS; Waananen and 
Crippen 1977) regional equations for peak flow (Hawley and Bledsoe In Review) 


 Does not rely on bank vegetation given uncertainty of assessing the future influence of 
root reinforcement (e.g., rooting depth/bank height) 


 Channel evolution model underpinning the field procedure is based on observed 
responses in southern California using a modification of Schumm et al. (1984) five-stage 
model to represent alternative trajectories  


 
The probabilistic models of braiding, incision, and bank instability risk embedded in the 
screening tools were calibrated with local data collected in an extensive field campaign.  The 
models help users directly assess proximity to geomorphic thresholds and offer a framework for 
gauging susceptibility that goes beyond expert judgment.  The screening analysis represents the 
first step toward determining appropriate management measures and should help inform 
decisions about subsequent more detailed analysis. 
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The GIS-based catchment-scale analysis and the field screening procedure are intended to be 
used as a set of tools to inform management decisions (Figure ES3).  The catchment-scale 
analysis provides an overall assessment of likely changes in runoff and sediment discharge that 
can be used to support larger-scale land use planning decisions and can be applied prospectively 
or retrospectively.  The field screening procedure provides more precise estimates of likely 
response of individual stream reaches based on direct observation of indicators.  The field 
assessment procedure also provides a method to evaluate the extent of potential upstream and 
downstream propagation of effects (i.e., the analysis domain).  In concept, the catchment-scale 
analysis would be completed for a watershed of interest before conducting the field analysis.  
However, this is not required and the two tools can be used independent of each other.  It is not 
presently possible to describe a mechanistic linkage between the magnitude of the drivers of 
hydromodification (i.e., changes in the delivery of water and sediment to downstream channels), 
the resistance of channels to change, and the net expression on channel form.  For this reason, 
the results of the catchment and field analyses must be conducted independently and the results 
cannot be combined to produce an overall evaluation of channel susceptibility to morphologic 
change (Figure ES3).  
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Figure ES3:  Relationship of catchment and field screening tools to support decisions regarding susceptibility to effects  
of hydromodification. 


 
Finally, it is important to note that these tools should be used as part of larger set of 
considerations in the decision making process (see Figure ES1).  For example, the tools do not 
provide assessments of the ecological or economic affects of hydromodification.  Similarly, they 
do not allow attribution of current conditions to past land use actions.  Although the screening 
tool is designed to have management implications via a decision framework, policy/management 
decisions must be made by local stakeholders in light of a broader set of considerations.   
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INTRODUCTION 


Hydromodification, the response of streams to changes in flow and sediment input, is an area of 
active investigation and emerging regulation.  Previous research that led to screening tool 
development has concluded that 1) urbanization markedly affects the flow regimes of streams in 
southern California, 2) the corresponding imbalances in sediment-transport capacity result in 
substantial geomorphic instabilities across most stream settings, 3) channels in southern 
California may be more sensitive than streams in other regions of the United States (US) for 
equivalent flows, bed-material sizes, valley slopes, and bank heights/angles, and 4) widely 
varying degrees of susceptibility to hydromodification are clearly reflected across the field study 
sites as an interaction between flow energy and the resistance of channel boundaries to lateral 
and vertical adjustments (Hawley 2009).   
 
Many management schemes currently use a one-size-fits-all approach to managing 
hydromodification effects, whereby a single criterion is applied to all streams within a given 
area.  However, factors such as dominant bed material, channel planform, grade control, 
vegetation, and existing infrastructure can influence the rate and manner in which streams 
respond to changes in flow and sediment.  Consideration of these differences in management 
programs requires a tool to rate stream reaches in terms of their relative susceptibility to 
hydromodification effects. 
 
This document provides the steps and process to apply a process-based hydromodification 
susceptibility screening tool.  The tool builds on studies conducted in other regions, as 
summarized by Bledsoe et al. (2008), to provide a means to rank stream reaches in terms of their 
relative likelihood of response to hydromodification.  The screening tool consists of two 
elements: 1) Geographic Information System (GIS) based landscape-scale analyses of relative 
runoff and sediment yield to stream channels, and 2) field-based assessment of channel 
condition.  Together these two elements can be used to assess susceptibility of a specific stream 
reach based on both landscape and local influences (Figure 1).  The GIS based analysis is 
intended mainly as a planning tool to allow potential changes in runoff and sediment yield to be 
considered during the siting and design of new developments.  This tool is presented in the 
companion to this document.  The field-based tool is intended to provide a rapid assessment of 
the relative susceptibility of a specific stream reach to effects of hydromodification.  This tool is 
presented in this document. 
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Figure 1.  Conceptual application of GIS- and field-based screening tools. 


 
 
General features of the field screening tool: 


 Integrated field and office/desktop components 


 Separate ratings for channel susceptibility in vertical and lateral dimensions  


 Transparent flow of logic via decision trees 


 Critical nodes in the decision trees are represented by a mix of probabilistic diagrams and 
checklists 


 Process-based metrics selected after exhaustive literature review and analysis of large 
field dataset  


 Metrics balance process fidelity, measurement simplicity, and intuitive interpretability 


 Explicitly assesses proximity to geomorphic thresholds delineated using field data from 
small watersheds in southern California 


 Avoids bankfull determination, channel cross-section survey, and sieve analysis, but 
requires pebble count in some instances 
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 Verified predictive accuracy of simplified logistic diagrams relative to more complex 
methods, such as dimensionless shear-stress analyses and Osman and Thorne (1988) 
geotechnical stability procedure 


 Assesses bank susceptibility to mass wasting; field-calibrated logistic diagram of 
geotechnical stability vetted by Colin Thorne (personal communication) 


 Regionally-calibrated braiding/incision threshold based on surrogates for stream power 
and boundary resistance 


 Incorporates updated alternatives to the US Geological Survey (USGS; Waananen and 
Crippen 1977) regional equations for peak flow (Hawley and Bledsoe, In Review) 


 Does not rely on bank vegetation given uncertainty of assessing the future influence of 
root reinforcement (e.g., rooting depth/bank height) 


 Channel evolution model (CEM) underpinning the field procedure is based on observed 
responses in southern California using a modification of Schumm et al. (1984) five-stage 
model to represent alternative trajectories  


  


The Field Screening Tool DOES NOT: 


 Make policy/management decisions: although the screening tool is designed to have 
management implications via a decision framework, policy/management decisions 
must be made by local stakeholders 


 Incorporate ecological/economic considerations: the screening tool is exclusively 
focused on geomorphic stability and does not include ecological/economic aspects 
that stakeholders may consider 


 Assess historical attribution: the screening tool is designed to assess the current 
susceptibility of a channel, independent of attributing degraded conditions to 
historical land users, and policies. 
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OFFICE AND FIELD COMPONENTS FOR FIELD SCREENING TOOL  


Office Components  
The screening tool presented in this report is predominantly designed for field-based assessment.  
The field tool requires some preparatory office work to provide context and familiarity with the 
site prior to conducting the field evaluation. The following addresses: 


 Examination of Overall Setting (using Google Earth or equivalent aerials)  


 Quantification of important remotely-sensed parameters (using GIS software)  


 Identification of Analysis Domain (tentatively defining upstream and downstream extents 
of field reconnaissance, locations of likely grade control, and valley transitions) 


 
Overall Setting 


Using satellite imagery/aerial photography, gather a baseline understanding of the watershed.  
Consider aspects such as development extent, fires and vegetation coverage, sediment sources 
and bottlenecks, ecologically-sensitive areas, etc.  Examine the valley setting near the project in 
greater detail, identifying tributary confluences, potential grade control (e.g., road crossings), and 
infrastructure (e.g., stormwater outfalls, drainage ‘improvements’, etc.) sensu Chin and Gregory 
(2005).  Specifically consider: 


 Geologic setting, basin type, valley context, and tributaries 


 Recent watershed history – urbanization and fire 


 Obvious grade-control locations, human influences, and existing infrastructure  
 
Printed screen shots of aerials, specifically near the project site, may be helpful in the field.  In 
addition, the results from the GIS-based assessment (if completed) should be reviewed prior to 
beginning the field assessment. 
 
GIS Metrics 


Using publicly available GIS data, measure four readily quantifiable watershed- and valley-scale 
variables that will be used to compute the simple, but statistically-significant, screening indices 
(i.e., flow, screening index, and valley width index).  Measurement details in Form 1 (Figure 2).  


 Spatial: contributing drainage area 


 Topographic: valley slope at site(s)  


 Precipitation: mean annual area-weighted precipitation  


 Geomorphic Confinement: valley bottom width at site(s) 
 


These variables are explained in more detail in Form 1 Table 1 (Figure 2).  A digital data entry 
form is available as well (Data Entry Form.xls).   
 
Analysis Domain 


The effects of hydromodification may propagate for significant distances downstream (and 
sometimes upstream) from a point of impact such as a stormwater outfall.  Accordingly, it may 
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be necessary to conduct geomorphic screening reconnaissance across a domain spanning 
multiple channel types/settings and property owners.   
 
The maximum spatial unit for assigning a susceptibility rating is defined as a ca. 20 channel 
width reach not to exceed 200 m.  Before conducting the field screening, the analyst should 
identify the following attributes as part of the office analysis to estimate the maximum extent of 
the analysis domain for field refinement. 
 
Begin by defining the points or zones along the channel reach(es) where changes in discharge or 
channel type are likely to occur (e.g., potential locations of outfalls or tributary inputs).  
Document any observed outfalls for final desktop synthesis and define the upstream and 
downstream extents of analysis as follows: 


 Downstream – until reaching the closest of the following: 


o at least one reach downstream of the first grade-control point (but preferably 
the second downstream grade-control location) 


o tidal backwater/lentic waterbody  


o equal order tributary (Strahler 1952)1 


o a 2-fold increase in drainage area2 


OR demonstrate sufficient flow attenuation through existing hydrologic modeling  


 Upstream – extend the domain upstream for a distance equal to 20 channel 
widths OR to grade control in good condition – whichever comes first.  Within 
that reach, identify hard points that could check headward migration, evidence 
that head cutting is active or could propagate unchecked upstream  


 
Within the analysis domain there may be several reaches that should be assessed independently 
based on either length or change in physical characteristics.  In more urban settings, segments 
may be logically divided by road crossings (Chin and Gregory 2005), which may offer grade 
control, cause discontinuities in the conveyance of water or sediment, etc.  In more rural settings, 
changes in valley/channel type, natural hard points, and tributary confluences may be more 
appropriate for delineating assessment reaches.  In general, the following criteria should trigger 
delineation of a new reach and hence a separate susceptibility assessment: 


 200 m or ca. 20 bankfull widths – it is difficult to integrate over longer distances 


 Distinct or abrupt change in grade or slope due to either natural or artificial features  


 Distinct or abrupt change in dominant bed material or sediment conveyance 


 Distinct or abrupt change in valley setting or confinement  


 Distinct or abrupt change in channel type, bed form, or planform 


                                                 
1 In the absence of proximate downstream grade control or backwater, the confluence of an ‘equal order tributary’ should 
correspond to substantial increases in flow and channel capacity that should, in theory, correspond to significant flow attenuation; 
however, there is no scientific basis to assume that downstream channels of higher stream order are less susceptible than their 
upstream counterparts.  This (practically-driven) guidance should not supersede the consideration of local conditions and sound 
judgment.  Stakeholders may elect to use a more regionally-preferred guidance. 
2 An increase in drainage area greater than or equal to 100% would roughly correspond to the addition of an equal-order tributary  
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Figure 2.  Form 1: Initial Desktop Analysis.  Complete set of assessment forms in Appendix B. 


 6







 


Conceptual Basis for 10-yr Flow Analysis 


The geomorphic thresholds presented in the field-screening sections below correspond to the  
10-yr peak flow calculated using the regional hydrologic model presented in Form 1 Table 2 
(Figure 2; Hawley and Bledsoe, In review).  This peak flow model is substantially more accurate 
for small watersheds in southern California than previously published regional regression 
equations.  The 10-yr flow was selected for several reasons.  First, it better represents a channel-
filling flow than alternative return intervals such as Q2.  Second, it typically requires a 10-yr 
instantaneous peak flow to create a geomorphically significant duration at the 2-yr flow 
magnitude (i.e., the 10-yr instantaneous peak flow typically corresponds to a daily-mean flow 
equal to a 2- to 3-yr peak magnitude).  Finally, the 10-yr hydrologic models had the best 
prediction accuracy of all return intervals.  Out of 5 peak-flow model forms (Hawley and 
Bledsoe, In review), the model based on drainage area and precipitation had the best cross-
validation performance.  With respect to modeling Q10, the standard error as percentage of mean 
for validation samples was 41% (arithmetic space), with an R2 during final calibration of 0.81 
(geometric space).  Because of the relatively-robust model performance and overall simplicity, 
we selected the model form of Q = f (A, P) for use in this screening tool. 
 


Field Components 
After completing the Initial Desktop Analysis (Figure 2), the user should have a first-order 
estimate of an appropriate analysis domain, a baseline understanding of the watershed, and 
critical indices to use during the field assessment(s).  At this juncture it is essential to examine 
the stream (and its valley setting) in greater detail.  Minimally, the following items should be 
taken to the field, although Form 2: Pebble Count (Figure 4) is not needed in every case: 


 Assessment forms and/or field book for sketches/notes 


 Digital camera for photographic documentation  


 Pocket rod and/or tape for some basic measurements and reference/scale in photographs 


 Protractor (e.g., gravity-driven) for measuring bank angle (Figure 3a) 


 Gravelometer (i.e., US SAH-97 half-phi template) for standardized pebble count (Figure 3b) 
 


a) 


 


b) 


Figure 3.  Craftsman magnetic protractor (a) and US SAH-97 half-phi template gravelometer (b). 
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Figure 4.  Form 2: Pebble Count.  Complete set of assessment forms in Appendix B. 
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Figure 4.  Continued 
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Susceptibility Rating Definitions  


The field screening tool uses a combination of relatively simple, but quantitative, field indicators 
as input parameters to a set of decision trees.  The decision trees follow a logical progression and 
allow users to assign a classification of Low, Medium, High, or Very High susceptibility rating 
(Table 1) to the reach being assessed.    
 


Table 1.  Vertical and Lateral Susceptibility rating definitions. 
 


Susceptibility 
Rating 


Definitions of Susceptibility 


 Low ratio of disturbing forces to resisting forces 
 Far from geomorphic thresholds of concern (based on explicit quantification of probability if 


feasible – < 1% probability of exceedance)  
 Relatively rapid relaxation time 
 Low potential for positive feedbacks, nonlinear response, sensitivity to initial conditions 


LOW 


 Very limited or no spatial propagation (ca. 10 m) 


 Moderate ratio of disturbing forces to resisting forces 
 Not proximate to geomorphic thresholds of concern (based on explicit quantification of 


probability if feasible – e.g., < 10% probability of exceedance) 
 Moderately rapid relaxation time 
 Low to moderate potential for positive feedbacks, nonlinear response, sensitivity to initial 


conditions 


MEDIUM 


 Local spatial propagation, contained within ca. 100 m 


 High ratio of disturbing forces to resisting forces 
 Proximate to geomorphic thresholds of concern (based on explicit quantification of probability if 


feasible – e.g., > 10 to 50% probability of exceedance) 
 Relaxation time may be relatively long given magnitude and spatial extent of change 
 Moderate to high potential for positive feedbacks, nonlinear response, sensitivity to initial 


conditions 


HIGH 


 Potential spatial propagation – headcutting/base-level change upstream and downstream but 
contained within ca. 100 to 1,000 m domain of control 


 High ratio of disturbing forces to resisting forces 
 At geomorphic thresholds of concern (based on explicit quantification of probability if feasible – 


e.g., > 50% probability of exceedance) 
 Relaxation time may be relatively long given magnitude and spatial extent of change 
 High potential for positive feedbacks, nonlinear response, sensitivity to initial conditions 
 Potential widespread spatial propagation – headcutting/base-level change upstream and 


downstream uncontained within ca. 1,000 m domain of control 


VERY HIGH 


 Specifically, the VERY HIGH rating is reserved for the following geomorphic thresholds/states 
(clear and present danger): 
o Vertical 
 Currently unstable (Channel Evolution Model (CEM) Type III or IV) with incision past 


critical bank height for mass wasting and active bank failure 
 Currently stable (CEM Type I or II) with banks less than critical height, but  


p > 50% for incision or braiding in labile bed (d50 <16 mm) with ineffective/absent grade 
control  


o Lateral 
 Currently unstable with active braiding/extensive mass wasting/fluvial erosion (> 50% of 


banks) in a wide valley  
 Currently stable consolidated bank in wide valley with High Vertical rating combined with 


p > 10% for mass wasting  
 Currently stable unconsolidated banks with fine toe material in wide valley with High 


Vertical rating 
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Recall that it may be necessary to perform the field assessment at several locations based on an 
analysis domain that could span multiple stream reaches up and downstream (see Analysis 
Domain above).  At each distinct reach type, the user will follow the guidelines below to 
separately assess susceptibility in vertical and lateral dimensions.  Although vertical and lateral 
responses are often interdependent, vertical and lateral susceptibility are assessed separately for 
several reasons.  First, vertical and lateral responses are primarily controlled by different types of 
resistance, which, when assessed separately, may improve ease of use and lead to increased 
repeatability among users compared to an integrated, cross-dimensional assessment.  Second, the 
mechanistic differences between vertical and lateral responses point to different modeling tools 
and potentially different management strategies.  Having separate screening ratings may better 
direct users and managers to the most appropriate tools for subsequent analyses. 
 
The field screening tool uses combinations of decision trees, checklists, tables and calculations.  
We attempt to employ decision trees when a question can be answered fairly definitively and/or 
quantitatively (e.g., median grain diameter (d50) < 16 mm; see Form 2 (Figure 4)).  
Alternatively, checklists are used in places where answers are relatively qualitative (e.g., grade 
control).     
 
The tool is designed to first classify the current state of the assessment area.  Next, the user 
identifies the type and number of risk factors that are present; risk factors are then combined with 
current state to determine a final rating.  Users should take photographs to support their 
assessment.  If uncertain about a given decision node, the user should use the more precautionary 
pathway that results in a higher rating of susceptibility.  The field-assessment process is 
described in detail below: 


 Decision Trees 


o Vertical Susceptibility 


o Lateral Susceptibility 


 


 Design/Setup  


o Assess the Analysis Domain (defined above), which may include multiple stream 
types and settings; conduct separate analyses for reaches distinguished by 
distance, change in valley type, dominant bed material, and other significant 
geomorphic considerations 


o Assign susceptibility ratings of Low, Medium, High, and Very High (as defined 
in Table 1 above) independently to the vertical and lateral conditions of each 
channel reach 
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o Consult susceptibility decision trees and photographic supplements for  
rating guidance; to clearly highlight rating endpoints within the decision trees, 
non-terminal and terminal nodes in the decision trees have been color coded 
(Figure 5) to prompt users to proceed to another step 


 
 


Terminal  Non-Terminal 
 
 
 
 


Figure 5.  Color scheme for non-terminal and terminal nodes in susceptibility decision trees. 


 
 
o Overall logic of susceptibility decision trees (Figure 6) 


• Examine Existing State and Response


• Make Appropriate Inferences Regarding 
Susceptibility


• Examine Boundary Materials


• Identify End Members vs. Transitional 
Cases In Which More Evidence is Required


Develop Weight of Evidence:


• Identify Risk Factors Present


• Proximity to Thresholds


• Ratio of Disturbing to Resisting Forces


Assign Rating: Low, Medium, High, or Very 
High


 


 


Figure 6.  Logical flow of susceptibility decision trees. 
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CHANNEL SUSCEPTIBILITY DECISION TREES AND FORMS 


Vertical Susceptibility 
In the Vertical Susceptibility decision tree, there are three potential states of bed material based 
on broad classes of armoring potential.  These states are listed below from most susceptible to 
least with definitions and photographic examples provided in Form 3 (Figure 7): 


 Labile Bed – sand-dominated bed, little resistant substrate 


 Transitional/Intermediate Bed – bed typically characterized by gravel/small cobble, 
intermediate level of resistance of the substrate and uncertain potential for armoring  


 Threshold Bed (Coarse/Armored Bed) – armored with large cobbles or larger bed 
material or highly-resistant bed substrate (i.e., bedrock) 


 
Threshold beds composed of boulders and large cobbles and/or highly-resistant bedrock are the 
region’s most resistant channel beds with geologic grade control and a natural capacity to armor 
(see Form 3 (Figure 7)).  Consequently, threshold beds correspond to a vertical rating of low.  
Conversely, labile beds have little to no capacity to self-armor and have a high probability of 
vertical adjustments in response to hydromodification.  Depending on two additional decision 
tree questions that consider the current state of incision and grade control, labile beds receive a 
rating of High or Very High.  Finally, transitional/intermediate beds are involved in a wide range 
of potential susceptibility responses and must be assessed in greater detail in order to develop 
weight of evidence for appropriate screening ratings.  Three primary risk factors used to assess 
vertical susceptibility for channels with transitional/intermediate bed materials: 


 Armoring Potential – Form 3 Checklist 1 (Figure 7) 


 Grade Control – Form 2 Checklist 1 (Figure 7) 


 Probability of Incision/Braiding based on a Regionally-Calibrated Screening Index – 
Form 3 Figure 1/Table 1 (Figure 7) 


 
These risk factors are assessed using checklists and a diagram, then calculated using the 
instructions and equation at the bottom of Form 3 Sheet 4 of 4 (Figure 7) to provide an overall 
vertical susceptibility rating for the intermediate/transitional bed-material group. 
 
Vertical Susceptibility Decision Tree 


The purpose of the vertical susceptibility decision tree is to assess the state of the channel bed 
with a particular focus on the risk of incision (i.e., down cutting).  Vertical stability is a 
prerequisite for lateral stability because a stream that incises can increase bank heights to the 
point of collapse and channel widening.  Accordingly, vertical susceptibility is assessed first 
because it affects the lateral rating in most instances.  
 
Conceptual Basis 


Channel bed material is one of the main factors controlling vertical stability.  Bed material is 
assessed using the photographic supplement Form 3 Figure 1 (Figure 7), with Form 2 Figure 1 
(Figure 4) provided as a reference for some particle sizes and to assist with estimating the 
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percentage of surface sand.  Some reaches may require a pebble count, Form 2 (Figure 4), for a 
more definitive assessment of bed material size. 
 
For threshold (coarse/armored) beds, document the channel substrate with photographs, and a 
supporting pebble count3 if d50 is near 128 mm.  For labile beds, use supplemental photographs 
in Form 3 Figure 1 (Figure 7) and the diagram of the five-stage CEM presented in Appendix A, 
Figure A.3, to assess the current state of channel incision.  For intermediate/transitional beds, 
assess: armoring potential using Form 3 Checklist 1 (Figure 7), grade-control condition using 
Form 3 Checklist 1 (Figure 7), and risk of incision/braiding using Form 3 Table 1 (Figure 7).   
 
Form 3 Checklist 1 (Figure 7): Armoring potential is assessed because it is a primary 
mechanism in which a channel can self-check channel incision/headcutting.  Coarser particles 
naturally provide greater resistance and, therefore, yield a lower susceptibility rating.  
Additionally, the tighter the particles are packed, the more resistant the armor layer, which can 
also influence the rating.  Finally, the amount of sand-sized particles can adversely affect the 
resistance of an armor layer (Wilcock and Kenworthy, 2002; Wilcock and Crowe, 2003).   
 
Form 3 Checklist 2 (Figure 7): Grade control is another way in which incision/headcutting can 
be arrested.  When channels adjust their slope, the incision typically hinges around a hard point 
such as a natural or artificial grade control.  Grade control has been clearly demonstrated to be a 
statistically-significant predictor of channel enlargement in southern California (Hawley 2009).  
Adjustments may also revolve around channel base-level, which could be set by an estuary, large 
waterbody (such as a lake or reservoir), or confluence with a larger river. 
 
Form 3 Figure 4 (Figure 7): Risk of incising or braiding is based on the potential specific stream 
power of the valley relative to d50.  Beyond armoring potential and grade control, channels with 
intermediate/transitional beds may also have a relatively-energetic valley setting that creates an 
inherently higher risk for incision than lower energy settings.  The threshold is based on regional 
data from unconfined, unconstructed valley settings and modeled after similar analyses from 
various regions (e.g., Chang (1988), van den Berg (1995), and Bledsoe and Watson (2001)).   
 
Hawley (2009) performed separate logistic regression analyses on incising and braiding systems 
relative to their stable, unconfined counterparts that returned similar thresholds.  In developing 
this revised screening tool, we combined unstable states of braided or incising into one model for 
parsimony.  Well over 100 total model variations were developed that segregated unstable 
(braided or incising) channels from stable, single-thread, unconfined, unconstructed channels, 
using different measures of erosive energy (i.e., dimensionless shear stress, specific stream 
power, and screening index) and different hydrologic models to estimate the 2- and 10-yr 
instantaneous peak flow events. 
 
In addition, a large body of previous fluvial geomorphic research suggests that the behavior and 
response potential of coarse versus fine-grained systems is markedly different (e.g., Chang 
(1988), Montgomery and MacDonald (2002), and Simons and Simons (1987)).  We assessed 
both combined and separated models, based on different grain-size discriminators between sand-


                                                 
3 If d50 is clearly greater than 128 mm, there is no need to conduct a pebble count, only visual 
documentation with photographs and general description of substrate type is recommended. 
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dominated gravels and gravel/cobble armored systems.  Out of 108 total models, all but 6 were 
significant (p <0.05) with the simplified specific stream power and grain-size 
surrogate(screening index) regularly performing similarly or superior to the more rigorous 
indices.  Indeed, 5 of the 12 models of the screening index for coarse-size fractions offered 
complete segregation of unstable/stable sites (i.e., 100% correctly classified).  Although that 
clearly delineates a threshold (Form 3 Table 1 (Figure 7)) it precludes using the logistic model to 
represent risk levels in terms of a range of probabilities.  This explains why the 90% and 10% 
lines converge to the 50% risk level for d50 > 16 mm in Form 3 Figure 4 (Figure 7).  


 


Vertical Flow and Forms 


Forms 3: Vertical Susceptibility Field Sheet (Figure 7) is used to assess vertical susceptibility.  
The logical flow of this form is summarized through a series of decisions outlined below: 


1) Assess the initial ‘state’: which of the following (a, b, or c) best describes the bed 
condition/material 


a. If the bed is Coarse/Armored with d50 >128 mm or continuous bedrock/concrete, 
then Vertical Rating = Low; see Form 3 Figure 1 (Figure 7) 


b. If the bed  is labile with sand dominated gravels and d50 <16 mm, then assess level 
of incision: 


i. If channel is incised past critical bank height for mass wasting (CEM III or 
IV), Vertical Rating = Very High; see Form 3 Figure 1 (Figure 7) and Form 
2 (Figure 4) 


ii. If channel is not incised past critical bank height (CEM I or II), assess Grade 
Control using Form 3 Checklist 2 (Figure 7) and Probability of 
Incision/Braiding using Form 3 Table 1 (Figure 7) 


1. If CEM I or II with grade control absent, failing, or spaced at intervals 
larger than 50 m, AND probability of incising/braiding ≥50%, Vertical 
Rating = Very High; see Form 3 Figure 1 (Figure 7) 


2. If CEM I or II with grade control in good condition and spaced at 
intervals less than 50 m, OR probability of incising/braiding < 50%, 
Vertical Rating = High; see Form 3 Figure 1 (Figure 7) 


c. If the bed is Intermediate with cobbles and gravels and 16 < d50 < 128 mm or 
hardpan of uncertain strength, proceed to Form 3 Checklist 1 and 2 (Figure 7) to 
assess Armoring Potential and Grade Control, respectively, and Form 3 Figure 4 
(Figure 7) to estimate Probability of Incising/Braiding. 
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Figure 7.  Form 3: Vertical Susceptibility Field Sheet.  Complete set of assessment forms in 
Appendix B. 
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Figure 7.  Continued 
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Figure 7.  Continued 
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Figure 7.  Continued 
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Lateral Susceptibility 
In terms of lateral stability, there are five primary states of bank characteristics.  These states are 
listed below, roughly in order of most susceptible to least: 


 Mass wasting or fluvial erosion/braiding existing and extensive 


 Poorly consolidated or unconsolidated with fine/nonresistant toe material 


 Poorly consolidated or unconsolidated with coarse/resistant toe material 


 Consolidated  


 Fully-armored bedrock/engineered reinforcement or fully confined by hillslope 
 


In addition to the present channel state/response and bank materials, there are three primary risk 
factors used to develop a weight of evidence for lateral susceptibility: 


 Valley width index (VWI) from Form 1 (Figure 2): a measure of valley bottom width 
versus reference channel width (calculated in the office) used to assess the potential for 
lateral movement of the channel; see Forms 4 and 5 (Figures 12 and 13, respectively) 


 Proximity to a regionally-calibrated bank stability threshold: geotechnical probability 
diagram based on bank height and angle; see Form 6 (Figure 14) 


 The Vertical Susceptibility Rating: from Form 3 Sheet 4 of 4 (Figure 7)  
 


Lateral Susceptibility Decision Tree  


The purpose of the lateral decision tree is to assess the state of the channel banks with a 
particular focus on the risk of widening.  Channels can widen from either bank failure or through 
fluvial processes such as chute cutoffs, avulsions, and braiding (see Figure A.2 in Appendix A).  
Widening through fluvial avulsions/active braiding is a relatively straightforward observation.  If 
braiding is not already occurring, the next logical question is to assess the condition of the banks.  
Banks fail through a variety of mechanisms (see Figures A.4a and A.4b in Appendix A); 
however, one of the most important distinctions is whether they fail in mass (as many particles) 
or by fluvial detachment of individual particles.  Although much research is dedicated to the 
combined effects of weakening, fluvial erosion, and mass failure (Beatty 1984, Hooke 1979, 
Lawler 1992, Thorne 1982), we found it valuable to segregate bank types based on the inference 
of the dominant failure mechanism (as the management approach may vary based on the 
dominant failure mechanism).   
 
Conceptual Basis 


Cohesive banks have been documented in both flume and field experiments as being much more 
resistant to fluvial entrainment than non-cohesive banks (Thorne 1982).  Despite the fact that 
most of the banks that observed in southern California had relatively low amounts of cohesion 
when compared to other US regions, it is generally acknowledged that truly non-cohesive banks 
are rare in nature given the effective cohesion introduced by pore-water suction even in banks 
formed in coarse materials (Lawler et al. 1997).  Furthermore, there was clear evidence of mass 
wasting at a large number of sites, including the presence of tension cracks and discrete failure 
surfaces deep within the banks exhibiting corresponding planar, slab, and rotational failures.   
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Because cohesivity is difficult to assess in the field, Hawley (2009) segregated banks by relative 
degree of consolidation.  Failure in banks composed of recently deposited alluvium with little 
time to consolidate (i.e., <~10 yrs, unconsolidated) was generally dominated by the resistance of 
individual particles.  Banks composed of much older fluvial deposits with more time to both 
acquire more cohesive particles and become more consolidated (i.e., well-consolidated) were 
controlled by mass failure.  Intermediate poorly- and moderately-consolidated bank types were 
generally found to be controlled by mass wasting with the latter and fluvial entrainment with the 
former; however, the segregation is both subjective and somewhat difficult to determine, 
especially in stable banks.  For the present study, in addition to the current bank condition, we 
considered key risk factors including 1) the potential for lateral instability triggered by vertical 
instability, and 2) potential severity of the lateral response based on the available valley width 
(i.e., how large of a valley bottom is there for the channel to access?).   
 
Lateral Susceptibility Definitions and Forms 


 Channel Banks – vertically inclined surfaces that are generally perpendicular to flow and 
contain approximately the 10-year flow (i.e., the ‘walls’ of the active channel) 


 
 Extensive mass wasting – >50% of banks exhibiting planar, slab, or rotational failures, 


and/or scalloping, undermining, and/or tension cracks (Figure 8) 
 


a)  


 


b)  


 
 


Figure 8.  Planar/Slab failure with tension cracks, exhibiting cohesive consolidated banks, at San 
Timetao, San Bernardino County, CA (a) and Acton, Los Angeles County, CA (b). 
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 Extensive fluvial erosion – significant and frequent bank cuts (> 50% of banks) and not 
limited to bends and constrictions (Figure 9) 


 


 
 


Figure 9.  Bank failure at Hicks Canyon, Orange County, CA, exhibiting combinations of fluvial 
erosion, shallow slips, and mass failure in weakly cohesive, poorly consolidated banks. 


 
 


 Moderately to highly consolidated – hard when dry with little evidence of crumbling.  
Bank appears as a composite of tightly-packed particles that are difficult to delineate 
even with close inspection of the bank; moderately dry block/ped sample (1 in2) is not 
crushable between fingers and bank material stratification not prevalent or contributing 
to failure (Figure 10) 


 
 


 
 
 


Figure 10.  Moderately dry block/ped sample.  Figure adapted from Schoeneberger et al. (2002); 
Not to scale. 
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 Poorly consolidated to unconsolidated – relatively weak with evidence of crumbling 
(Figure 11).  Bank appears as a loose pile of recently deposited alluvium and block/ped 
samples (if attainable) can be crushed between fingers  


 


 
a)  b)  


 
 


Figure 11.  Failure of poorly consolidated banks with some cohesivity, but bank stability largely 
controlled by resistance of the individual particles of the bank toe in Stewart Canyon, Ventura 
County, CA, (a) and Hasley Canyon, Los Angeles County, CA (b). 


 
In assessing the potential for incision-induced bank failure we selected a vertical rating of high 
as a key discriminator.  This decision was made primarily because such an approach inherently 
captures braiding risk as channels with high amounts of erosive energy relative to their bed 
material and >50% risk of incision/braiding using Form 3 Table 1 (Figure 7) would most likely 
result in a vertical rating of high unless exceptionally resistant and well-protected by armoring.  
We also defined a VWI of 2 as a key discriminator because doing so successfully distinguished 
between channels with valley bottoms ‘confined by bedrock or hillslope’ versus unconfined 
channels in the field data set.  Unconfined valley settings were typically well above a VWI of 2. 
 
The Lateral Susceptibility decision tree in Form 4 (Figure 12) and the series of questions in 
Form 5 (Figure 13) are provided for use in conducting the lateral susceptibility assessment.  
Either may be used depending on the user’s preference.  Definitions and photographic examples 
above are intended to support the lateral susceptibility assessment. 
 
Additionally, Hawley (2009) performed logistic regression analysis of stable versus mass 
wasting in moderately- to well-consolidated banks using bank height and angle, consistent with 
geotechnical stability theory presented by Osman and Thorne (1988).  The model was highly 
significant (p <0.0001) and correctly classified unstable and stable states with ~95% accuracy, as 
shown in Form 6 (Figure 14), using a shape that was analogous to the Culmann relationship.  As 
an alternative, by including the poorly consolidated sites, the model accuracy was ~90% with a 
lower 50% threshold and a much broader 10 to 90% risk range.   
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FORM 4: LATERAL SUSCEPTIBILTY FIELD SHEET 
Lateral Screening Forms 


Circle appropriate nodes/pathway for proposed site  
OR use sequence of questions provided in Form 5. 


 


 
 


 
(Sheet 1 of 1) 


 
 
 


Figure 12.  Form 4: Lateral Susceptibility Field Sheet.  Complete set of assessment forms in 
Appendix B. 


 







 


FORM 5: SEQUENCE OF LATERAL SUSCEPTIBILITY QUESTIONS OPTION 
Enter Lateral Susceptibility (Very High, High, Medium, Low) in shaded column.   


Mass wasting and bank instability from Form 6, VWI from Form 4, and Vertical Rating from Form 3. 


   Lateral Susceptibility 


Channel fully confined with VWI ~1 – connected hillslopes 
OR fully-armored/engineered bed and banks in good 
condition? 


If YES,  
then LOW 
 


   


If NO,  
Is there active mass wasting or extensive fluvial erosion  
(> 50% of bank length)? 


If YES,  
VWI ≤ 2 = HIGH,  
VWI > 2 = VERY HIGH 
 


    


If NO,  
Are both banks consolidated? 


If YES,  
How many risk factors present? 


Risk Factors: 
o Bank instability p > 10% 
o VWI > 2 
o Vertical rating ≥ High 


 
 


 All three = VERY HIGH 
 Two of three = HIGH 
 One of three = MEDIUM 
 None = LOW  


 


If NO,  
Are banks either consolidated or unconsolidated with coarse 
toe of d > 64 mm? 


If YES,  
How many risk factors present?  


Risk Factors: 
o VWI > 2 
o Vertical rating ≥ High 


 
 


 Two = HIGH 
 One = MEDIUM 
 None = LOW 


  


If NO,  
At least one bank is unconsolidated with toe of d < 64 mm 
 


How many risk factors present?  


Risk Factors: 
o VWI > 2 
o Vertical rating ≥ High  


 


 Two = VERY HIGH 
 One = HIGH 
 None = MEDIUM 


  


(Sheet 1 of 1) 
 


Figure 13.  Form 5: Sequence of Lateral Questions Option for lateral susceptibility assessment.  Complete set of assessment forms in 
Appendix B. 
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FORM 6: PROBABILITY OF MASS WASTING BANK FAILURE 
If mass wasting is not currently extensive and the banks are moderately- to well-consolidated, measure 
bank height and angle at several locations (i.e., at least three locations that capture the range of 
conditions present in the study reach) to estimate representative values for the reach.  Use Form 6 Figure 
1 below to determine if risk of bank failure is >10% and complete Form 6 Table 1.  Support your results 
with photographs that include a protractor/rod/tape/person for scale. 
 


 


 Bank Angle 
(degrees)  


(from Field) 


Bank Height 
(m) 


(from Field) 


Corresponding Bank Height for 
10% Risk of Mass Wasting (m) 


(from Form 6 Figure 1 below) 


Bank Failure Risk 
(<10% Risk) 
(>10% Risk) 


Left Bank     


Right Bank     


Form 6 Figure 1.  Probability Mass Wasting diagram, Bank Angle:Height/% Risk table, and  
Band Height:Angle schematic. 


(Sheet 1 of 1) 
 


Figure 14.  Form 6: Probability of Mass Wasting Bank Failure for lateral susceptibility assessment.  
Complete set of assessment forms in Appendix B. 
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SUMMARY AND CONCLUSIONS 


After completing the initial desktop and field components, the user should return to the office to 
summarize the reconnaissance information.  Some values that were measured in the field may 
require (or be simplified by) computer assistance (e.g., sorting and ranking the pebble count data 
to determine the median particle size).  A data entry spreadsheet (Data Entry Form.xls) has been 
provided to automate the necessary calculations from your field data.   
 
At a minimum, we suggest outlining the following aspects from the field reconnaissance: 


 Aerial photo of analysis domain with demarcation of reaches assessed and locations of 
critical features such as hard points, outfalls, changes in valley type, etc. 


 A minimum of four photos from each assessed reach 


o Overview/cross-section  


o Representative bed material 


o Representative bank from right and left side of channel 


 Applicable Vertical Susceptibility forms and final rating from each assessed reach 


 Applicable Lateral Susceptibility forms and final rating from each assessed reach 


 
In depth information describing the development and scientific basis of the field screening tool is 
provided in SCCWRP Technical Report 607, available at www.sccwrp.org  We expect that the 
field screening tool presented herein will be systematically improved over time through a variety 
of monitoring and adaptive management activities, as well as through user feedback.  
Accordingly, comments, questions, and suggestions are welcome and may be submitted to Eric 
Stein at SCCWRP (erics@sccwrp.org) and Brian Bledsoe at CSU (brian.bledsoe@colostate.edu). 
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APPENDIX A:  GENERAL DEFINITIONS  


 


A.1  SUSCEPTIBILITY/SENSITIVITY DEFINITIONS 


 


What is susceptibility? 
The intrinsic sensitivity of a channel system to hydromodification as determined 
by the ratio of disturbing to resisting forces, proximity to thresholds of concern, 
probable rates of response and recovery, and potential for spatial propagation of 
impacts. 


 


What is sensitivity? 
Schumm defined sensitivity as: 
“One aspect of (landform) singularity that must be treated separately is the 
sensitivity of landscape components... The reason for such variable response… 
is the existence of threshold conditions, which when exceeded produce a large 
change.  In contrast, apparently similar landforms may show little or no response 
to a similar change.  Thus, within a landscape composed of singular landforms 
there will be sensitive and insensitive landforms.”  Schumm (1985, page 13) 


“Sensitivity refers to the propensity of a system to respond to a minor external 
change.  The changes occur at a threshold, which when exceeded produces a 
significant adjustment.  If the system is sensitive and near a threshold it will 
respond to an external influence; but if it is not sensitive it may not respond.”  
Schumm (1991, page 78) 
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Downs and Gregory (1995) illustrated sensitivity as: 


 


Figure A.1:  Interpretation of sensitivity from Downs and Gregory (1995) 
 
 


We add to this, the potential spatial extent of impacts over a common engineering time scale of 
ca. 50 yrs.  That is, some effects may propagate throughout drainage networks relatively quickly 
and result in headcutting, base-level lowering of tributaries, complex response, etc.   


 


A.2  Braiding Definitions 


 Broadest definition: multi-channel patterns (Leopold and Wolman 1957) 


 Definition illustrations of sinuosity, braiding, and anabranching (Figure A.2), incision-
driven CEM (Figure A.3), bank failure (Figures A.4a and A.4b) 


 Flow separated by bars within a defined channel, where bars (Knighton 1998): 


o may be inundated at higher flows, appearing as a single channel at/near 
‘bankfull’ 


o tend to be unvegetated, temporary, with little cohesion 


 Characterized by repeated division and joining of channels (i.e., divergence and 
convergence of flow) resulting in high rates of fluvial activity relative to other rivers 
(Knighton 1998) 
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 Non-cohesive floodplains with braid-channel accretion as the main sediment 
accretion mechanism (Nanson and Croke 1992) 


 Informed by the aforementioned definitions, we classify ‘braided’ channels for the 
purposes of this screening tool as:  


 Multiple flow paths through over 50% of the reach length at low to 
moderate flows (see 35 – 65% ‘degree of braiding’, Figure A.2) 


 OR, if stakeholders are not concerned about ‘anastomosing’/ 
‘anabranching’ systems, augment above with: where paths are temporary 
and the result of dynamic, mostly unvegetated/non-cohesive bars 
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Figure A.2:  Illustration of sinuosity, braiding, and anabranching (from Brice (1960, 1964)) 
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hc = critical bank height for mass failure 


Figure A.3:  Incision-driven CEM after Schumm et al. (1984); figure adapted from Watson 
et al. (2002) 
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Figure A.4a:  Bank-failure illustrations (a through d) after Hey et al. (1991); figure adapted 
from Lawler et al. (1997) 
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Figure A.4b:  Bank-failure illustrations (e through h) after Hey et al. (1991); figure adapted 
from Lawler et al. (1997) 
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A.3  PEBBLE COUNT INSTRUCTIONS  


Sampling with a frame – Excerpt from Bunte and Abt, 2001b: 


“A tape measure is stretched from bank to bank.  The sampling frame is placed onto the stream 
bottom so that one of the corners aligns with even-spaced marks on the tape, e.g., every three 
feet or one meter. Grid points derived by the elastic bands are used to visually define the 
particle to be selected. If the flow is deep and fast, and vision is blurred, looking at the grid 
intersection can help identify the particle to be included in the sample. If, for example, the grid 
intersection is between two cobbles, the operator knows that a small interstitial particle should 
be selected, but neither of the cobbles.   


If flow is too deep or too fast to see the particle under the grid intersection, the particle to be 
included in the sample has to be identified by touch. A pointed index finger is placed in a corner 
of the grid intersection, and vertically lowered onto the sediment surface. The grid intersection 
serves as a guide for the position of the finger as it is lowered to the bed surface. Using the grid 
intersection as a reference point as opposed to the tip of the boot helps the operator select a 
particle more representatively because the operator works in a more comfortable posture when 
bending down to the sampling frame as opposed to bending down to the tip of the boot. The 
elastic bands in the sampling frame do not hinder the removal of a particle from the streambed. 
Particles are collected from under all four grid points, measured with a template, and placed 
back approximately into the same position from which they were taken. The frame is then 
moved to the next position along the tape. For many coarse gravel-bed rivers, a 30-cm grid 
within a 60 by 60 cm frame placed at 1 m, or 3 feet increments along the tape will be adequate. 
The sampling frame can be used on both sides of a transect. Individual transects should be 3 - 
4 m apart to avoid overlap between sampled areas.” 


 


 


Figure A.5:  Pebble Count Sampling Frame and Instructions from Bunte and Abt (2001b) 
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APPENDIX B:  ASSESSMENT FORMS 
 


Overview 
This appendix compiles the field forms necessary to conduct the field susceptibility analysis.  
The field assessment uses a combination of relatively simple, but quantitative field, indicators as 
input parameters to a set of decision trees.  The decision trees follow a logical progression and 
allow users to assign a classification of Low, Medium, High, or Very High susceptibility rating 
to the reach being assessed.  Each stream reach is assessed independently in terms of its vertical 
and lateral susceptibility. 
 
The susceptibility assessment consists of the following steps: 


1. Determine the Analysis Domain 
2. Conduct the initial Office Assessment 
3. Rate the Vertical Susceptibility of the stream reach 
4. Rate the Horizontal Susceptibility of the stream reach 


 
The following forms and instructions provided to conduct these assessments include: 


 Instruction on determining Analysis Domain 
 Office Assessment Forms 


o Form 1: Initial Desktop Analysis 
o Form 2: Pebble Count 


 Example coverage and substrate sizing guidance 
o Form 3: Vertical Susceptibility Field Sheet 


 Checklist 1: Armoring Potential 
 Checklist 2: Grade Control 
 Probability of Incising/Braiding Diagram and Screening Index 


Threshold Calculations 
 Overall Vertical Susceptibility Decision Tree 


o Form 4: Lateral Susceptibility Field Sheet 
o Form 5: Sequence of Lateral Susceptibility Questions Option 
o Form 6: Probability of Mass Wasting Bank Failure 


 
In order to complete the field assessment, the following items should be taken to the field: 


 Additional forms and/or field book for sketches/notes 
 Digital camera for photographic documentation  
 Pocket rod and/or tape for some basic measurements and reference/scale in 


photographs 
 Protractor (e.g., gravity-driven) for measuring bank angle 
 Gravelometer (i.e., US SAH-97 half-phi template) for standardized pebble count 
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Analysis Domain 
Prior to initiating the assessment, it is necessary to define the domain of analysis that will be 
covered.  The maximum spatial unit for assigning a susceptibility rating is defined as a ca. 20 
channel width ‘reach’ not to exceed 200 m.  Before conducting the field screening, the analyst 
should identify the following attributes as part of the office analysis to estimate the maximum 
extent of the analysis domain for field refinement. 
 
Begin by defining the points or zones along the channel reach(es) where changes in discharge or 
channel type are likely to occur (e.g., potential locations of outfalls or tributary inputs).  
Document any observed outfalls for final desktop synthesis and define the upstream and 
downstream extents of analysis as follows: 


 Downstream – until reaching the closest of the following: 
o at least one reach downstream of the first grade-control point (but preferably the 


second downstream grade-control location) 
o tidal backwater/lentic waterbody  
o equal order tributary (Strahler 1952)1 
o a 2-fold increase in drainage area2 


OR demonstrate sufficient flow attenuation through existing hydrologic modeling  


 Upstream – extend the domain upstream for a distance equal to 20 channel widths 
OR to grade control in good condition – whichever comes first.  Within that reach, 
identify hard points that could check headward migration, evidence that head cutting 
is active or could propagate unchecked upstream  


 
Within the analysis domain there may be several reaches that should be assessed independently 
based on either length or change in physical characteristics.  In more urban settings, segments 
may be logically divided by road crossings (Chin and Gregory, 2005), which may offer grade 
control, cause discontinuities in the conveyance of water or sediment, etc.  In more rural settings, 
changes in valley/channel type, natural hard points, and tributary confluences may be more 
appropriate for delineating assessment reaches.  In general, the following criteria should trigger 
delineation of a new reach and hence a separate susceptibility assessment: 


 200 m or ca. 20 bankfull widths – it is difficult to integrate over longer distances 
 Distinct or abrupt change in grade or slope due to either natural or artificial features  
 Distinct or abrupt change in dominant bed material or sediment conveyance 
 Distinct or abrupt change in valley setting or confinement  
 Distinct or abrupt change in channel type, bed form, or planform 
 


Assessment Forms 
Assessment Forms 1 - 6, beginning on the next page, have been collected for printing as a group. 


 
1 In the absence of proximate downstream grade control or backwater, the confluence of an ‘equal order tributary’ should correspond to 
substantial increases in flow and channel capacity that should, in theory, correspond to significant flow attenuation; however, there is no scientific 
basis to assume that downstream channels of higher stream order are less susceptible than their upstream counterparts.  This (practically-driven) 
guidance should not supersede the consideration of local conditions and sound judgment.  Stakeholders may elect to use a more regionally-
preferred guidance. 
2 An increase in drainage area greater than or equal to 100% would roughly correspond to the addition of an equal-order tributary (see above). 







FORM 1: INITIAL DESKTOP ANALYSIS 
Complete all shaded sections. 


IF required at multiple locations, circle one of the following site types:  


Applicant Site / Upstream Extent / Downstream Extent 
 


Location:    Latitude:     Longitude:   


Description (river name, crossing streets, etc.):       


             


GIS Parameters:  The International System of Units (SI) is used throughout the assessment as the field 
standard and for consistency with the broader scientific community.  However, as the singular exception, US 
Customary units are used for contributing drainage area (A) and mean annual precipitation (P) to apply regional flow 
equations after the USGS.  See SCCWRP Technical Report 607 for example measurements and “Screening Tool 
Data Entry.xls” for automated calculations. 
 
Form 1 Table 1.  Initial desktop analysis in GIS. 


Symbol Variable Description and Source Value 
A Area 


(mi2) 
Contributing drainage area to screening location via published 
Hydrologic Unit Codes (HUCs) and/or ≤ 30 m National Elevation Data 
(NED), USGS seamless server 
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P Mean annual 
precipitation  


(in) 


Area-weighted annual precipitation via USGS delineated polygons using 
records from 1900 to 1960 (which was more significant in hydrologic 
models than polygons delineated from shorter record lengths) 


 


Sv Valley slope  


(m/m) 
Valley slope at site via NED, measured over a relatively homogenous 
valley segment as dictated by hillslope configuration, tributary 
confluences, etc., over a distance of up to ~500 m or 10% of the main-
channel length from site to drainage divide 
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Wv Valley width  


(m) 
Valley bottom width at site between natural valley walls as dictated by 
clear breaks in hillslope on NED raster, irrespective of potential 
armoring from floodplain encroachment, levees, etc. (imprecise 
measurements have negligible effect on rating in wide valleys where 
VWI is >> 2, as defined in lateral decision tree) 


 


 
Form 1 Tabl e 2.  Simplif ied peak flo w, screening index, and  valley width index.  Values for this  
table should be calculated in the sequence shown in this table, using values from Form 1 Table 1. 


Symbol Dependent Variable  Equation Required Units Value  


Q10cfs 10-yr peak flow  (ft3/s) Q10cfs = 18.2 * A 0.87 * P 0.77  
A (mi2)   
P (in) 


 


Q10 10-yr peak flow  (m3/s) Q10 = 0.0283 * Q10cfs Q10cfs (ft
3/s)  


INDEX 10-yr screening index (m1.5/s0.5) INDEX = Sv*Q10 
0.5  


Sv (m/m)  
Q10 (m


3/s) 
 


Wref Reference width (m)  Wref = 6.99 * Q10 
0.438 Q10 (m


3/s)  


VWI Valley width index (m/m) VWI = Wv/Wref 
Wv (m)  
Wref (m) 
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FORM 2: PEBBLE COUNT 
If it is necessary to estimate d50, perform a pebble count, after Bunte and Abt (2001a,b), using a minimum 
of 100 particles and a standard half-phi template, or by measuring along the intermediate axis of each 
pebble.  Use a grid and tape for equally spaced samples over systematic/complete transects across riffle 
sections (i.e., if the 100th particle is in the middle of a transect, complete the full transect before stopping 
the count; if more than 125 particles, record data near the bottom of Sheet 2 of 2).  If the source of fines 
(sand/silt d <2 mm; see Form 2 Table 2 below) is less than ½ inch thick (approximately one finger width) 
at the sampling point, sample the coarser buried substrate; otherwise record observation of fines.  Take 
photographs to support observations (Detailed instructions in Appendix A.3). 


Form 2 Table 1.  100-pebble count tabulation for Vertical Susceptibility.  Record station (Sta) and 
diameter (d) in millimeters. 


# Sta d 
(mm) 


# Sta d  
(mm) 


# Sta d 
(mm) 


# Sta d 
(mm) 


# Sta d  
(mm) 


1   26   51   76   101   
2   27   52   77   102   
3   28   53   78   103   
4   29   54   79   104   
5   30   55   80   105   
6   31   56   81   106   
7   32   57   82   107   
8   33   58   83   108   
9   34   59   84   109   
10   35   60   85   110   
11   36   61   86   111   
12   37   62   87   112   
13   38   63   88   113   
14   39   64   89   114   
15   40   65   90   115   
16   41   66   91   116   
17   42   67   92   117   
18   44   68   93   118   
19   44   69   94   119   
20   45   70   95   120   
21   46   71   96   121   
22   47   72   97   122   
23   48   73   98   123   
24   49   74   99   124   
25   50   75   100   125   


 
Form 2 Table 2.  d50 for Screening Index Threshold.  


Class Name Diameter (mm) Helpful Descriptions for Field Identification 
Boulder > 256 Difficult to lift by hand 


Cobble > 64 Typically able to lift 


Gravel > 2 Fits in one hand 


Sand > 0.0625 Can feel between fingers 


Silt > 0.004 Can feel with tongue 


Clay ≤ 0.004 Can not feel individual particle 
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 Note:  Each quadrant within each box contains the same total area 


covered using different sized objects.   
 
 


76 mm 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Form 2 Figure 1.  Examples of % coverage by volume and substrate sizing adapted from NRCS 
Field Book for Describing and Sampling Soils (Schoeneberger et al. 2002) and Julien (1998). 
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FORM 3: VERTICAL SUSCEPTIBILITY FIELD SHEET 
Circle appropriate nodes/pathway for proposed site. 


 


 


Form 3 Figure 1.  Vertical Susceptibility photographic supplement to be used in conjunction  
with Form 3 Bed Resistance above. 
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Form 3 Support Materials 
Form 3 Checklists 1 and 2, along with information recording in Form 3 Table 1,  


are intended to support the decisions pathways illustrated in  
Form 3 Overall Vertical Rating for Intermediate/Transitional Bed. 


 
 


Form 3 Checklist 1: Armoring Potential 
□ A A mix of coarse gravels and cobbles that are tightly packed with <5% 


surface material of diameter <2 mm 


□ B Intermediate to A and C or hardpan of unknown resistance, spatial extent 
(longitudinal and depth), or unknown armoring potential due to surface 
veneer covering gravel or coarser layer encountered with probe 


□ C Gravels/cobbles that are loosely packed or >25% surface material of 
diameter <2 mm 


 
 


 
Form 3 Figure 2.  Armoring potential photographic supplement for assessing intermediate beds 
(16 < d50 < 128 mm) to be used in conjunction with Form 3 Checklist 1. 
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Form 3 Checklist 2: Grade Control 


□ A Grade control is present with spacing <50 m or 2/Sv m 


 No evidence of failure/ineffectiveness, e.g., no headcutting (>30 cm), no 
active mass wasting (analyst cannot say grade control sufficient if mass-
wasting checklist indicates presence of bank failure), no exposed bridge 
pilings, no culverts/structures undermined 


 Hard points in serviceable condition at decadal time scale, e.g., no apparent 
undermining, flanking, failing grout 


 If geologic grade control, rock should be resistant igneous and/or 
metamorphic; For sedimentary/hardpan to be classified as ‘grade control’, it 
should be of demonstrable strength as indicated by field testing such as  
hammer test/borings  and/or inspected by appropriate stakeholder 


 
□ B Intermediate to A and C – artificial or geologic grade control present but 


spaced 2/Sv m to 4/Sv m or potential evidence of failure or hardpan of 
uncertain resistance 


□ C Grade control absent, spaced >100 m or >4/Sv m, or clear evidence 
of ineffectiveness 


 
 


 
Form 3 Figure 3.  Grade-control (condition) photographic supplement for assessing intermediate 
beds (16 < d50 < 128 mm) to be used in conjunction with Form 3 Checklist 2. 
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Regionally-Calibrated Screening Index Threshold for Incising/Braiding 
For transitional bed channels (d50 between 16 and 128 mm) or labile beds (channel not incised 
past critical bank height), use Form 3 Figure 3 to determine Screening Index Score and complete 
Form 3 Table 1. 


Form 3 Figure 4. Probability of incising/braiding based on logistic regression of Screening Index 
and d50 to be used in conjunction with Form 3 Table 1.  
 
 
Form 3 Table 1.  Values for Screening Index Threshold (probability of incising/braiding) to be used 
in conjunction with Form 3 Figure 4 (above) to complete Form 3 Overall Vertical Rating for 
Intermediate/Transitional Bed (below)..  Screening Index Score: A = <50% probability of incision 
for current Q10, valley slope, and d50; B = Hardpan/d50 indeterminate; and C = >50% probability of 
incising/braiding for current Q10, valley slope, and d50. 


d50 (mm) 
From Form 2 


Sv*Q10
0.5 (m1.5/s0.5) 


From Form 1 


Sv*Q10
0.5 (m1.5/s0.5) 


50% risk of incising/braiding  
from table in Form 3 Figure 3 above 


Screening Index Score 
(A, B, C) 


    


 


Overall Vertical Rating for Intermediate/Transitional Bed 
Calculate the overall Vertical Rating for Transitional Bed channels using the formula below.  
Numeric values for responses to Form 3 Checklists and Table 1 as follows: A = 3, B = 6, C = 9. 


 


Vertical Susceptibility based on Vertical Rating: <4.5 = LOW; 4.5 to 7 = MEDIUM; and >7 = HIGH. 
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FORM 4: LATERAL SUSCEPTIBILTY FIELD SHEET 
Lateral Screening Forms 


Circle appropriate nodes/pathway for proposed site  
OR use sequence of questions provided in Form 5. 
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FORM 5: SEQUENCE OF LATERAL SUSCEPTIBILITY QUESTIONS OPTION 


Enter Lateral Susceptibility (Very High, High, Medium, Low) in shaded column.   
Mass wasting and bank instability from Form 6, VWI from Form 4, and Vertical Rating from Form 3. 


   Lateral Susceptibility 


Channel fully confined with VWI ~1 – connected hillslopes OR 
fully-armored/engineered bed and banks in good condition? 


If YES,  
then LOW 
 


   


If NO,  
Is there active mass wasting or extensive fluvial erosion  
(> 50% of bank length)? 


If YES,  
VWI ≤ 2 = HIGH,  
VWI > 2 = VERY HIGH 
 


    


If NO,  
Are both banks consolidated? 


If YES,  
How many risk factors present? 


Risk Factors: 
o Bank instability p > 10% 
o VWI > 2 
o Vertical rating ≥ High 


 
 


 All three = VERY HIGH 
 Two of three = HIGH 
 One of three = MEDIUM 
 None = LOW 


 


 


If NO,  
Are banks either consolidated or unconsolidated with coarse  
toe of d > 64 mm? 


If YES,  
How many risk factors present?  


Risk Factors: 
o VWI > 2 
o Vertical rating ≥ High 


 
 


 Two = HIGH 
 One = MEDIUM 
 None = LOW 


  


If NO,  
At least one bank is unconsolidated with toe of d < 64 mm 
 


How many risk factors present?  


Risk Factors: 
o VWI > 2 
o Vertical rating ≥ High  


 


 Two = VERY HIGH 
 One = HIGH 
 None = MEDIUM 
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FORM 6: PROBABILITY OF MASS WASTING BANK FAILURE 
If mass wasting is not currently extensive and the banks are moderately- to well-consolidated, measure 
bank height and angle at several locations (i.e., at least three locations that capture the range of 
conditions present in the study reach) to estimate representative values for the reach.  Use Form 6 Figure 
1 below to determine if risk of bank failure is >10% and complete Form 6 Table 1.  Support your results 
with photographs that include a protractor/rod/tape/person for scale. 


 


 Bank Angle 
(degrees)  


(from Field) 


Bank Height 
(m) 


(from Field) 


Corresponding Bank Height for 
10% Risk of Mass Wasting (m) 


(from Form 6 Figure 1 below) 


Bank Failure Risk 
(<10% Risk) 
(>10% Risk) 


Left Bank     


Right Bank     


 
 
Form 6 Figure 1.  Probability Mass Wasting diagram, Bank Angle:Height/% Risk table, and  
Band Height:Angle schematic. 
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Limitations: 
This document was prepared solely for the County of San Diego in accordance with professional standards at the time the services were performed and in 
accordance with the contract between the County of San Diego and Brown and Caldwell. This document is governed by the specific scope of work authorized by 
the County of San Diego; it is not intended to be relied upon by any other party except for regulatory authorities contemplated by the scope of work.  


 TECHNICAL MEMO  
9665 Chesapeake Drive, Suite 201  
San Diego, CA. 92123 
Tel: 858-514-8822 
Fax: 858-514-8833  


Project No:   133904 
 


San Diego Hydromodification Management Plan 


 


Subject:  Responses to Comments Provided by San Diego Coastkeeper 


Date:   February 16, 2010 


To:   Sara Agahi, P.E. – County of San Diego   


From:   Eric Mosolgo, P.E. – Brown and Caldwell 


 


This draft technical memorandum has been prepared per the request of the County of San Diego to 
summarize responses to comments made in reference to the San Diego Hydromodification Management 
Plan (HMP) by San Diego Coastkeeper. These comments were submitted to the County of San Diego in 
letters dated April 14th, September 29th, and November 30th, 2009.  


As mandated by Regional Water Quality Control Board (RWQCB) Order R9-2007-0001 Provision D.1.g, 
the purpose of hydromodification criteria is to prevent development-related changes in storm water 
runoff from causing, or further accelerating, stream channel erosion or other adverse impacts to 
beneficial stream uses.  


The responses detailed in this memo have been incorporated into the Final HMP submitted to the San 
Diego Regional Water Quality Control Board (RWQCB) on December 29, 2009. 


 


Responses to Coastkeeper Comments Dated November 30, 2009 


Coastkeeper Comment – The inadequacies in applying LID are the HMP’s most serious faults. They start 
with regarding LID as almost entirely a matter of infiltrating runoff, diminishing or ignoring the 
mechanisms of evapotranspiration and water harvesting and the practices associated with those 
mechanisms. Furthermore, the plan recommends basing infiltration assessments on coarse U.S. 
Department of Agriculture concepts and data instead of site-specific analysis and almost totally ignores 
the great potential of organic soil amendments to improve infiltration and evapotranspiration and 
reduce surface runoff quantities. The HMP reveals a poor appreciation of the status, performance, and 
practice of LID techniques today. 
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Response 


 LID options modeled in determination of sizing factors account for both infiltration and 
evapotranspiration. Continuous simulation models are currently in development to determine 
the sizing factors for a wide range of development types, rainfall gauges, soil types, and BMP 
mitigation options. The evapotranspiration (ET) data is a key component of the continuous 
simulation models, along with the infiltration capacity of the soil, and is more certainly not an 
ignored mechanism. That said, BMPs studied in this analysis have to meet the County of San 
Diego’s vector control guidelines along with the 85th percentile water quality and 
hydromodification standards. Thus, storage of runoff in excess of 72 hours will not be allowed. 


 While water harvesting and reuse have obvious benefits, these criteria are not addressed or 
mandated in the Permit. From a hydromodification standpoint, water reuse facilities have some 
benefit for isolated rainfall events. When back-to-back storms occur, however, the 
hydromodification benefit is often not sufficient since the storage facilities are filled and provide 
no attenuation for the multiple concurrent storms. The use of rain water storage as a 
hydromodification control measure has not been ruled out. Rather, Copermittees can consider 
developer proposed storage facilities on a case by case basis. Such design strategies must prove 
compliance with hydromodification design criteria considering the long-term historical rainfall 
record.  


 The Decision Matrix, located in Chapter 6 of the Final HMP, specifically states that site-specific 
geotechnical investigations be conducted to determine site-specific infiltration rates. 
Copermittees already require major development projects and many smaller projects to submit 
geotechnical soils reports which typically include identification of soil types. The referenced 
USDA information is part of the required Literature Review, which is located in Chapter 4 of the 
Final HMP. Infiltration parameters for the San Diego Region will be reviewed in details as part of 
the Sizing Calculator development process and further refined as part of the HMP 
implementation process.  


 The use of amended soils has always been part of the HMP mitigation approach and the text of 
the Final HMP explicitly encourages the use of amended soils in the design of bioretention 
facilities. This concept is chronicled in both the HMP and the Model SUSMP. Similar to the 
approach used in Contra Costa County, several of the proposed BMP facilities will use an 
amended soil layer with an approximate infiltration rate of 5 inches per hour. Criteria provided 
in the Model SUSMP and HMP will work in concert. It should be noted that the use of amended 
soils will not promote deep infiltration for Types C and D soils, which are the dominant soil types 
in San Diego County. Thus, the use of underdrains may be required in urban environments. 


 The Copermittees and the consultant team have developed detailed standards for LID 
implementation. These standards are provided in the Model SUSMP and are referenced in the 
Final HMP. The Final HMP recommends the use of LID facilities to satisfy HMP and 85th 
percentile water quality criteria.  


 The intent of the HMP, as well as the Model SUSMP,  is to encourage the use of LID facilities to 
meet hydromodification criteria. The text of Chapters 6 and 7 of the Final HMP were reviewed in 
detail and revised accordingly to encourage implementation of LID facilities.  
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 Defining the infiltration potential of a site is recommended to provide for sound engineering 
design. Even if infiltration is shown to be infeasible, LID facilities can be designed as filtration-
type or evaporation-type facilities instead of infiltration-based facilities.  


 Chapter 7 of the Final HMP has been revised to allow for evaporation-type facilities. It should be 
noted that such facilities may require implementation in series with more traditional LID 
approaches, such as biofiltration basins, in order to satisfy vector control and hydromodification 
criteria.  


 


Coastkeeper Comment- Concerning the critical flow rate, the HMP presents an alternative to using a 
single value, a practice adopted elsewhere. The concept of multiple values is theoretically sound, but the 
plan falls short in specifying how the method it develops should be applied to assure proper use. Unless 
and until that gap can be filled, the appropriate single value, 10 percent of the 2-year flow event, should 
be used for the critical flow rate. 


Response  


 The San Diego HMP’s varying lower flow threshold is a major advancement in the field of 
hydromodification management. This concept has been endorsed by the State Water Resources 
Control Board and other experts in the field. It is intuitive that erosion-prone streams should be 
held to a more stringent lower flow threshold as compared to erosion-resistant streams. 


 Decision Matrices located in Chapter 6 clearly specify the method for determining the 
appropriate lower flow threshold. The method uses data from both the Southern California 
Coastal Water Research Project’s (SCCWRP) channel screening tools (discussed in Chapter 5.2 
and Appendix B) and the consultant team’s critical flow calculator (discussed in Chapter 5.1) to 
determine the appropriate lower flow threshold. 


 


Coastkeeper Comment – Exemptions put forward by the HMP fall into two categories: those that have 
been poorly thought through and, as presented in the plan, will continue to allow substantial 
hydromodification; and those that will forever consign degraded streams to that status. Both must be 
seriously reconsidered. 


Response 


 Exemptions proposed in the San Diego HMP have been thoroughly reviewed, discussed and 
analyzed.  


 The exemption regarding projects that decrease both the pre-project impervious area and outlet 
discharge rates is logical. If the unmitigated post-project condition results in no increase to 
either impervious surface or resultant outflows as compared to pre-project conditions, then the 
project has no negative impact on downstream erosion . 


 Exemptions regarding direct discharges to existing concrete channels have been thoroughly 
discussed with both the TAC and the Copermittee Work Group. This potential exemption was 
referenced in the Permit. A direct discharge to a concrete channel which connects to a 
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downstream exempt system poses an insignificant hydromodification related issue provided 
that the concrete channel has capacity to convey the ultimate condition 10-year flow. Note that 
if the downstream conveyance system passes through a stream segment susceptible to erosion, 
if the concrete channel does not have capacity to convey the ultimate condition 10-year flow, or 
if the project does not discharge directly to the existing concrete channel, then the existing 
concrete channel exemption may not be granted. 


 Exemptions regarding direct discharges to large river systems have been analyzed using 
continuous simulation modeling and review of the resultant flow duration curves. This item has 
also been discussed in detail with the Copermittee Work Group, the TAC, and the Regional 
Board. This potential exemption applies only to river reaches with 100-year flows in excess of 
20,000 cfs and drainage areas in excess of 100 square miles. The upstream limits of the specific 
potential exempt reaches, which are detailed in Table 6-1, were set based upon reach-specific 
review of the floodplain width, degree of upstream reservoir attenuation, etc. A detailed flow 
duration analysis was conducted to test the variability in flow duration curves based upon 
hypothetical additions of master development areas. Historical flow duration curves were based 
upon streamflow data in the San Diego River, as provided by USGS. 


 Exemptions regarding urban infill projects in highly urbanized watersheds have been analyzed 
using continuous simulation modeling and review of the resultant flow duration curves. This 
item has also been discussed in detail with the Copermittee Work Group, the TAC, and the 
Regional Board. This potential exemption applies only to projects that discharge runoff directly 
to a stabilized conveyance system that extends beyond the Domain of Analysis. The exemption 
is only valid for watersheds with an existing impervious area of 40 percent or greater and with 
the potential for no more than a 3 percent impervious area increase in ultimate developed 
conditions (as compared to existing impervious area for the watershed).  A detailed flow 
duration analysis was conducted to test the variability in flow duration curves based upon 
hypothetical additions of watershed impervious areas. It should be noted that the Permit allows 
for an exemption when the project discharges to a watershed with an existing impervious area 
percentage greater than 70 percent. Thus, this particular exemption is focused on highly 
urbanized watersheds containing an existing impervious area percentage between 40 and 70 
percent. 


 


Coastkeeper Comment – The subject of monitoring is only partially developed. At this stage it appears to 
be missing an in-stream component to determine if indeed the program is meeting its charge to manage 
channel erosion and impacts to beneficial uses and stream habitat. 
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Response 


 As detailed in Chapter 8 of the Final HMP, in-stream monitoring is required at locations 
downstream of the monitored project site. Baseline cross section monitoring would be required 
prior to construction of the project. Subsequent cross section monitoring would then be 
required at defined intervals following construction of the site to assess effects of 
hydromodification mitigation controls. 


 Chapter 8 of the Final HMP includes requirements for flow-based sediment monitoring. Results 
of such sediment monitoring can be used to determine the low flows which initiate sediment 
movement. This data can be used to further refine the low flow thresholds. 


 Chapter 8 of the Final HMP also includes requirements for the monitoring of BMP inflows and 
outflows to assess BMP effectiveness. These protocols are similar to the monitoring 
requirements for the Contra Costa HMP. 


 


Responses to Coastkeeper Comments Dated September 29, 2009 


Coastkeeper Comment – The HMP is disconnected from the purpose and requirements of the MS4 
permit. Following the first few meetings, we submitted an email that asked the TAC to take the 
opportunity to think more holistically and to stem the growing disconnect between the direction of the 
development of the HMP and the intent of the NPDES permit. We received assurances that the TAC and 
the consulting team were looking to take this opportunity to create “the most holistic HMP carried out to 
date in California.” Unfortunately, this promise has not been kept. We understand the HMP must address 
erosion, but it must also address water quality issues. The Copermittee Working Group and TAC’s silo 
approach may have devastating consequences down the line. When one regulatory effort moves forward 
without consideration of other ongoing efforts, implementation becomes impossible. This is especially 
true in light of significant movements by various Regional Boards (including San Diego Regional Board) 
to move toward a more holistic approach to MS4 Permit implementation. 


Response 


 Throughout the HMP development process, the Copermittees and the consultant team have 
held regular meetings with the Regional Board to discuss the approach. Through this process, 
the HMP direction has focused on the purpose and requirements of the MS4 permit. 


 The San Diego HMP, Model SUSMP and subsequent implementation sizing tools explicitly 
recommend integrated facilities that provide for both water quality treatment and 
hydromodification flow control. The recommended implementation of Integrated Management 
Practices, such as LID bioretention basins, will provide for both 85th percentile water quality 
treatment and hydromodification flow control. Water quality issues have been addressed 
extensively in the Model SUSMP. 


  


Coastkeeper Comment - The HMP inappropriately includes policy and compliance provisions. It appears 
the Copermittees misunderstand the role of the TAC itself. Throughout the HMP development process, 
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decisions have been made based not on science, but on “policy” grounds. For example, at the June HMP 
TAC meeting, a discussion centered on minimum orifice size for BMPs to meet HMP and flow rate 
requirements. The TAC recognized the conflict between the model and minimum orifice requirements 
predicted for fine-grained systems. In the end, the decision was labeled a “policy” choice to be made by 
the Copermittees. However, such decisions must be based on sound science to meet the goals of the 
Permit. The HMP contains other policy choices made by the TAC and Copermittee working group that are 
inappropriate for the technical document, and circumvent the Permit. For example, with regard to 
implementation of the HMP, restoration activities are listed as an alternative to compliance with flow 
control criteria. The Permit allows for implementation of such activities without adverse impacts to 
channel beneficial uses. However, the HMP proposes a cost-benefit analysis for implementation of the 
HMP design requirement. The Permit does not contain such “in-lieu of” language, nor can it be inferred 
from the Permit. Moreover, injecting such cost-benefit analysis into the Permit creates a loophole in 
implementation of the HMP. Such subjective analysis should not be part of the HMP in light of the 
mandate to “manage increases in runoff discharge rates and durations.” Additionally, implementation of 
buffers, revegetation, etc. does not meet the twin roles of the HMP: addressing the “changes in a 
watershed’s runoff characteristics resulting from development, together with associated morphological 
changes to channels receiving runoff.” The in-lieu of planning measures does not address the change in 
watershed runoff characteristics. The HMP exemption for the lower third of the watershed is also an 
unsubstantiated policy decision. Impacts to all areas of a watershed need to be addressed. No support 
has been given for such an exemption, nor is it considered in the Permit. Runoff from impervious surfaces 
not only causes erosion, but also carries pollutants to receiving waters. As the Permit requires HMP 
implementation to prevent “significant adverse impacts to beneficial uses, attributable to changes in the 
discharge rates and durations,” wholesale exemptions for portions of a watershed are inappropriate. 


Response 
 As was the case in both the Santa Clara and Contra Costa HMPs, the San Diego HMP included 


some policy decisions. These policy decisions, which were ultimately made by the Copermittee 
Workgroup considering advice provided by the TAC, were based upon scientific investigations 
and analysis as well as practical considerations. The Hydromodification/SUSMP Workgroup was 
convened periodically over the course of the project at times corresponding with key decision 
points in developing the HMP and the update to the Model SUSMP. This workgroup was tasked 
with providing regional standards and consistency in the development, implementation, 
assessment, and reporting of urban runoff activities and programs related to hydromodification 
management. As required by Permit Section D.1.g, the Workgroup assisted in the development 
of the regional HMP. A key element of the San Diego HMP was the creation and involvement of 
a Technical Advisory Committee (TAC). The TAC members consist of respected individuals from 
academia, technical resource agencies, the development community, consulting engineers, and 
environmental organizations. The TAC, which has been convened on ten occasions that 
correlated with key decision-making points in the development of the HMP, was tasked with 
providing technical input to the HMP’s scientific approach and interpretation of results integral 
to the establishment of numerical flow control standards as well as to the Copermittees for their 
policy determinations. 


 Regarding the minimum orifice size issue, detailed analyses were prepared using continuous 
simulation hydrology to assess the effects of the minimum orifice size criteria. As a result, the 
minimum orifice size criteria may only be used in very limited scenarios to avoid problems 
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resulting from clogged orifices and uncontrolled overflows. These scenarios are detailed in 
Chapter 6.2 of the Final HMP. The policy decisions regarding the minimum orifice size criteria 
were based on a detailed continuous simulation hydrologic analysis. This detailed analysis was 
combined with practical considerations regarding facility maintenance (specifically, the clogging 
of small orifices which would cause riser overflows and the potential for increased erosion 
downstream) to maximize HMP facility effectiveness. 


 Regarding the stream restoration / rehabilitation options, this issue was fully discussed with the 
Regional Board, the TAC, and the Copermittee Work Group. As worded in the Final HMP, such 
channel rehabilitation options may be constructed in limited situations. Specifically, such 
options may only be constructed if the existing channel susceptibility is determined to be “High” 
(as determined by SCCWRP assessment), if the stream rehabilitation project extends 
downstream to an HMP exempt system, and if the stream rehabilitation project is constructed 
assuming ultimate development conditions upstream of the project. Details of the stream 
rehabilitation protocols are detailed in Chapter 6.3 of the Final HMP.  Additionally, permits from 
resource agencies are necessary in most cases, and improvement to habitat and the 
environment are expected. 


 The Final HMP contains no mention of a cost-benefit analysis regarding stream rehabilitation 
measures. However, developers will ultimately use cost-benefit analyses when selecting 
alternative methods for meeting Permit requirements. 


 The final HMP contains no mention of the “lower third of the watershed” exemption. 


 


Coastkeeper Comment – TAC consensus has been misrepresented to the Regional Board. Recently, we 
have become aware of the Copermittees misrepresentation of TAC consensus regarding decisions made 
in developing the HMP. Our continuing disagreements with the current conclusions of the draft HMP are 
evident from: our emailed comments submitted by Karen Franz on February 2, 2008; our comment letter 
from our expert Dr. Horner; submitted on April 14, 2009; and our requests for underlying technical data 
to support the HMP. Following the receipt of the responses to comments from Dr. Horner, we requested 
the supporting references and technical papers that were the basis for the development of the design 
storm formulation for the Santa Clara and Contra Costa HMPs. The request was made at the June 17th 
meeting, and no communication of the references or technical papers followed the request. Further, the 
draft HMP was not give to TAC members until after it was first presented to the Regional Board. A TAC 
meeting was held in October 2008, and another meeting was not held until February 2009. In the 
interim, the consultants met with the Copermittee working group, obtained approval of the draft HMP, 
and submitted it to the Regional Board. It was not until February 4, 2009 that TAC members were sent an 
electronic copy of the HMP. We obtained a physical copy of the draft HMP at the Copermittee meeting in 
January shortly after it was submitted to the Regional Board and before it was sent to the TAC. TAC 
consensus and approval are also misrepresented on key issues, such as HMP compliance through “no 
increase to pre-project impervious area and no increase to pre-project flow.” Contrary to the document 
assertion, this has not been “discussed and approved by the TAC.” Coastkeeper has and will continue to 
insist upon natural, pre-project flows and reduction in overall impervious area. 
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Response 


 In the Final HMP, the phrase “majority TAC approval” was used to indicate the majority opinion 
of the cumulative TAC members. 


 Technical memos detailing the preparation of the Santa Clara and Contra Costa HMPs are public 
information and located at the Santa Clara Valley Urban Runoff Pollution Prevention Program 
(SCVURPP) web site and the Contra Costa Clean Water Program (CCCWP) web site. 


 The majority of the members of the TAC agreed that HMP requirements should not be imposed 
on developments that decrease the pre-project impervious cover and decrease the design flows 
to each outlet location.  


 


Coastkeeper Comment – Coastkeeper’s effectiveness has been stymied by a lack of transparency and 
unavailability of key documents. Coastkeeper concurs in the Regional Board’s comments made on June 
29, 2009. The lack of detail and transparency highlighted in the letter has been a particular concern for 
Coastkeeper as well. For instance, the BMP sizing tools and their reporting should be a transparent 
process. Although the tools go beyond the scope of the HMP development, they are a necessary piece of 
the process, and as such, the HMP should provide more oversight on their use. Additionally, 
Coastkeeper’s specific comments from our technical expert Dr. Horner remain largely ignored or 
dismissed out of hand. Even to get an electronic copy of the draft HMP for our expert to review proved 
challenging. Several attempts were made to request the document by email, without success. We were 
ultimately forced to scan a paper copy we obtained from a Stormwater Copermittee meeting where the 
draft HMP was distributed. At a TAC meeting following submission of the comment letter, several TAC 
meeting attendees and members opined about the radical nature of our comments and marginalized 
Coastkeeper. This type of discussion is indicative of the limited role Coastkeeper was able to play in 
participating on the TAC. This process of excluding the TAC from critical decision-making, and 
information exchange has also hindered the usefulness of the TAC. 


Response 


 All documents prepared in association with the Final HMP are available for public review. These 
documents were presented on multiple occasions for review by the TAC, Copermittee 
Workgroup and the Regional Board. These documents are posted on the Project Clean Water 
web site. 


 The BMP sizing tool development is a transparent and ongoing process. These are 
implementation tools and were not required as part of the HMP document. Key technical 
memos and data reviews will be circulated to the TAC, Copermittee Working Group and 
Regional Board throughout the Sizing Calculator development process. 


 Dr. Horner’s comments have been addressed in previous comments response document and in 
this comment response document. 


  


Coastkeeper Comment – A lack of data inhibits progress. In addition to the lack of transparency in 
information exchange by consultants and Copermittees to TAC members, the delay in production of key 
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aspects of the HMP prohibits meaningful input from the TAC. For example, the San Diego region has 
three distinct geomorphic and hence geologic regions. The geologic conditions of a 
watershed/catchment area are the factors affecting the low flow threshold values. Other critical 
components that may never be reviewed by the TAC include development of maintenance and long-term 
monitoring protocols and the required approval process for Priority Development Projects. The 
incorporation of these tools into the decision matrix and preparation of consultant technical memos are 
critical steps in the HMP which have yet to be conducted, and may largely take place outside of the TAC. 


Response 


 The HMP was submitted on time to the Regional Board on December 29, 2009.  


 Prior to the final submittal, multiple iterations of the HMP document and supporting memos 
were distributed to the TAC, Copermittee Work Group and the Regional Board. 


 


Coastkeeper Comment – Exemptions remain ill-conceived and overused. The Draft HMP makes 
exemptions for hardened channels as arguably allowed by the current Permit, but these exemptions are 
neither required nor prudent. First, the Permit language gives some discretion to the Copermittees, not 
requiring exemptions and qualifying such decisions with the requirement not to impact beneficial uses. 
Moreover, the proposed South Orange County stormwater permit specifically requires hydromodification 
considerations for restoration of such hardened channels. Also, the Copermittees attempt to create an 
exemption for projects with “no net increase” in impervious area is also not in line with the Regional 
Board’s interpretation of “pre-project” as highlighted in the proposed South Orange County Permit. 
Therefore, pre-project conditions in the current Permit should not make exceptions for “no net increase” 
unless such projects mimic naturally occurring conditions. Further, the “adoption and implementation of 
this NPDES permit relieves the Copermittee from developing a non-point source plan, for the urban 
category, under CZARA.” CZARA requires implementation of management measures to prevent non-point 
source pollution from impacting or threatening coastal water quality. Therefore, exemptions for the 
lower portions of watersheds or large receiving waters are not allowed.  


Response 


 The exemption regarding projects that decrease both the pre-project impervious area and outlet 
discharge rates is logical. If there no increase to either impervious surface or resultant outflows 
as compared to pre-project conditions, then the project has no negative impact on downstream 
erosion. 


 Exemptions regarding direct discharges to existing concrete channels have been thoroughly 
discussed with both the TAC and the Copermittee Work Group. This potential exemption was 
referenced in the Permit. A direct discharge to a concrete channel which connects to a 
downstream exempt system poses an insignificant hydromodification related issue provided 
that the concrete channel has capacity to convey the ultimate condition 10-year flow. Note that 
if the downstream conveyance system passes through a stream segment susceptible to erosion, 
if the concrete channel does not have capacity to convey the ultimate condition 10-year flow, or 
if the project does not discharge directly to the existing concrete channel, then the existing 
concrete channel exemption may not be granted. 
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 Exemptions regarding direct discharges to large river systems have been analyzed using 
continuous simulation modeling and review of the resultant flow duration curves. This item has 
also been discussed in detail with the Copermittee Work Group, the TAC, and the Regional 
Board. This potential exemption applies only to river reaches with 100-year flows in excess of 
20,000 cfs and drainage areas in excess of 100 square miles. The upstream limits of the specific 
potential exempt reaches, which are detailed in Table 6-1, were set based upon reach-specific 
review of the floodplain width, degree of upstream reservoir attenuation, etc. A detailed flow 
duration analysis was conducted to test the variability in flow duration curves based upon 
hypothetical additions of master development areas. Historical flow duration curves were based 
upon streamflow data in the San Diego River, as provided by USGS. 


 Exemptions regarding urban infill projects in highly urbanized watersheds have been analyzed 
using continuous simulation modeling and review of the resultant flow duration curves. This 
item has also been discussed in detail with the Copermittee Work Group, the TAC, and the 
Regional Board. This potential exemption applies only to projects that discharge runoff directly 
to a stabilized conveyance system that extends beyond the Domain of Analysis. The exemption 
is only valid for watersheds with an existing impervious area of 40 percent or greater and with 
the potential for no more than a 3 percent impervious area increase in ultimate developed 
conditions (as compared to existing impervious area for the watershed).  A detailed flow 
duration analysis was conducted to test the variability in flow duration curves based upon 
hypothetical additions of watershed impervious areas. It should be noted that the Permit allows 
for an exemption when the project discharges to a watershed with an existing impervious area 
percentage greater than 70 percent. Thus, this particular exemption is focused on highly 
urbanized watersheds containing an existing impervious area percentage between 40 and 70 
percent. 


 The San Diego HMP complied with permit provision for the San Diego region, not the South 
Orange County permit. 


 


Coastkeeper Comment – Selection and implementation of BMPs are vague or missing. The Draft HMP 
does not provide a list possible preferred BMPs, and the explanation of BMPs thus far at TAC meetings 
have been equally vague. At the outset we find that the BMP specific design criteria will be much more 
useful and transparent. It is unclear why the TAC has not chosen this route. Additionally, although the 
age of a BMP system has a great influence on the efficacy of that BMP, no provisions or requirements 
exist to address this issue. We have also asked to include infiltration and rainwater harvesting in the list 
of BMPs, but apparently only dry wells have been added so far. San Diego’s reliance on imported water 
and its precipitation patterns create a tremendous regional opportunity for the development of 
rainwater harvesting systems to not only capture and reuse this resource, but also to reduce flow (and 
sediment) from Priority Development Projects. The Ventura County permit requires all features 
constructed to render impervious surfaces “ineffective:” to “infiltrate, store for reuse, or evapotranspire, 
without any runoff at least the volume of water that results from” the 85th percentile, 24-hour runoff 
event, annual runoff based on unit basin storage to achieve 80 percent or more volume treatment, or a 
0.75 inch storm event. The San Diego HMP should contain greater emphasis on infiltration, reuse and 
evapotranspiration as well. 
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Response 


 Chapter 7 of the Final HMP and the Model SUSMP include a suite of BMPs that can be used for 
water quality treatment and hydromodification flow control. The suite of BMPs listed, including 
bioretention basins, biorentention in series with cisterns, bioretention in series with vaults, 
extended detention basins, and flow-through planter boxes, corresponds to the BMP selection 
list that will be provided in the Sizing Calculator. 


 While water harvesting and reuse have obvious benefits, these criteria are not addressed or 
mandated in the Permit. From a hydromodification standpoint, water reuse facilities have some 
benefit for isolated rainfall events. When back-to-back storms occur, however, the 
hydromodification benefit is often not sufficient since the storage facilities are filled and provide 
no attenuation for the multiple storms. The San Diego permit does not require rainwater 
harvesting for hydromodification mitigation. The use of rain water storage as a 
hydromodification control measure has not been ruled out. Rather, Copermittees can consider 
developer proposed storage facilities on a case by case basis. Such design strategies must prove 
compliance with hydromodification design criteria considering the long-term historical rainfall 
record.  


 The 5 percent EIA requirement from the Ventura permit is not included in the San Diego MS4 
permit. 


 


Coastkeeper Comment – The HMP does not consider climate and land use change. Effects of climate and 
land use changes on low flows and other hydrologic responses have been well documented as to the 
hydrological effects that will result in our region. When employed singly and in combination, climate and 
land use changes have significant and varying effects on flow conditions. The draft HMP contemplates 
only one rate of land-use change. The HMP needs to consider the potential impacts of climate change 
and the effects that it will have on regional hydrologic conditions through its modeling. Hydrologic data 
is being generated by the Hydrologic Research Center, a San Diego-based international research center.  


Response 


 While climate change effects were not considered in this version of the HMP, it is possible that 
the rainfall data sets prepared in association with the HMP could be updated once predictive 
rainfall models have been developed. These data sets could be used to refine recommendations 
of future HMP updates. 


 


Coastkeeper Comment – Implementation of a standard of 3 percent maximum allowable Effective 
Impervious Area (EIA) in all regulated projects, with a narrowly crafted alternative compliance provision 
for developments where severe site constraints, such as non-infiltrative soils, render compliance with the 
3 percent EIA limitation impossible. 
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Response 


 The Effective Impervious Area (EIA) requirement was not part of the San Diego MS4 permit. 


 


Coastkeeper Comment – As a hydromodification standard, post-development peak flow rates and 
volumes shall not exceed the modeled peak flow rates and volumes of pre-European-settlement native 
land cover for all storms from the channel-forming event to the 100-year frequency stream flow. This 
requirement shall be satisfied to the maximum possible extent by retention of runoff on the development 
site through infiltration, evapotranspiration, and/or rainwater harvesting. If the requirement cannot be 
fully met by onsite retention, there shall be a demonstration and convincing justification, according to 
specific criteria, of why it is not achievable at that site. If such a convincing demonstration and 
justification can be made, the differential between the required retention and the amount that can be 
provided onsite shall be offset by performing or contributing to an offsite project, within the same 
watershed, to retain an equal or greater volume of runoff from such other site. 


Response 


 The hydromodification standard, as interpreted from the San Diego MS4 permit, requires the 
control of peak flows and durations within the geomorphically significant flow range to pre-
project conditions. No mention of pre-European settlement is included in the San Diego MS4 
permit. 


 


Coastkeeper Comment – Monitoring of HMP compliance must be conducted at more than 5 sites in the 
entire County. At least one site per watershed must be monitored. Additionally, monitoring should begin 
before development, not after completion. Monitoring site selection should also be made with Regional 
Board staff input, not solely by Copermittees. 


Response 


 No HMP monitoring plan in the State of California proposes more than 5 countywide monitoring 
sites. The recommendations detailed in Chapter 8 exceed the requirements for Contra Costa 
County as approved by the San Francisco Regional Board. 


 As detailed in Chapter 8 of the Final HMP, monitoring will begin before development and extend 
into the future following development.  


 


Coastkeeper Comment – Individual Priority Development Projects must be required to monitor 
effectiveness and maintain HMP BMPs and compliance measures. A real, tangible monitoring 
mechanism and compliance determination must be implemented into the HMP. Without such 
requirements in the HMP, no assurance of long-term effectiveness will be provided. Such tools would also 
help Copermittees monitor specific BMP effectiveness in different watersheds.  
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Response 


Monitoring of the 5 sites will be a regional Copermittee effort.  Individual Priority Development Projects 
are required to inspect and maintain their treatment control and HMP facilities through maintenance 
agreements.  Additionally, Copermittees conduct annual inspections of treatment BMPs and HMP 
facilities as required by the Municipal Permit.  


 


Coastkeeper Comment – Urge the Regional staff to ensure strict compliance with the current Permit and 
look toward future consistency with other MS4 Permits in southern California, as setting the MEP 
standard. 


Response 


 We will defer to the Regional Board for a response to this comment. 


 


Coastkeeper Comment – Future development, implementation, and monitoring of the HMP should be 
more transparent, including more availability for public input. 


Response 


 We will continue to provide technical memos and materials available for public review through 
the TAC, Copermittee Work Group and the Regional Board. These documents can be accessed at 
the Project Clean Water web site. 


 


Coastkeeper Comment – High, Medium and Low susceptibility ratings should be removed. All watersheds 
should be treated as susceptible to erosion. Moreover, the classification of streams does not correlate to 
an appropriate HMP objective. For instance, for already unstable channels the standard is to “avoid 
acceleration of the existing erosion problems.” This is unacceptable, and does not meet the spirit of 
intent of the Permit.  


Response 


 Stream classification, as provided for in this HMP by the SCCWRP channel susceptibility analysis, 
is a requirement of the MS4 permit (Permit Section D.1.g.(1)(a) and (m)). Therefore, this 
information will not be removed from the HMP. It is a critical component of the HMP for San 
Diego County and all counties in southern California. 


 


Responses to Coastkeeper Comments Dated April 14, 2009 


Coastkeeper Comment - Comparing the stated San Diego County criteria to hydromodification standards 
elsewhere, the County’s criteria are relatively highly protective of runoff receiving waters in the cases of 
flows of 5- and 10-year frequencies.  On the other hand, these criteria do not extend to the larger storms 
of less frequency.  Some hydromodification criteria cover a range of storms up to the 50- and even 100-
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year events.  In the central city area of San Diego, rainfalls of 24-hour duration for different frequencies 
are approximately (http://ponce.sdsu.edu/noaa_24hr_sd_2x.html):  5-year—2.4, 10-year—2.8, 50-
year—3.5, and 100-year—4.1 inches.  Thus, it may be seen that extending the assessment from the 10- 
to the 100-year frequency enlarges the time period over which resource protection is evaluated by an 
order of magnitude (1000 percent) with an increase of just 46 percent in the rainfall quantity.  The 
criteria should be extended to these larger storms, or the County should show why doing so is not 
necessary to protect and recover stream ecosystems. 


 


Response 


 Similar to the two previously approved hydromodification management plans in the State of 
California (Santa Clara County and Contra Costa County), the San Diego Final HMP recommends 
flow and duration control for a range of flows between a fraction of the 2-year flow event to the 
10-year flow event. Neither the approved Santa Clara HMP nor the approved Contra Costa HMP 
required controls for flow recurrence events in excess of the 10-year design flow.   


 The referenced 24-hour rainfall totals in the comment above refer to a single-event design 
storm approach, which is not applicable with the continuous simulation hydrologic modeling 
approach mandated in Permit R9-2007-0001. The Permit goes on to say that determination of 
peak flow frequency values shall be developed from analysis of the full rainfall record. In other 
words, hourly data from the entire rainfall record (35 to 50+ years) is used in the analysis as 
opposed to use of a singular rainfall depth as noted in the comment above.  


 Finally, it should be noted that various geomorphologists across California and the nation have 
concurred that controls above the 10-year flow event have a minimal impact on cumulative 
sediment movement across the historical record.  Sediment transport studies based on a 
continuous flow record, such as the long-term analysis prepared in association with the Santa 
Clara Hydromodification Management Plan, have shown that roughly 90 percent of the 
cumulative work exerted on a channel occurs within the relative flow ranges detailed in the 
Santa Clara, Contra Costa, and San Diego HMPs. Thus, it can be demonstrated that the 
significant cost associated with controls above the 10-year event would not result in significant 
additional protection to the stream processes from a hydromodification standpoint.  


 


Coastkeeper Comment - Criteria setting is, “... based on the understanding that the 5-year design flow is 
considered the dominant channel-forming discharge for Southern California streams.”  If the basis is 
merely an “understanding”, it is not strong enough.  The basis must be rooted in detailed analyses.  Such 
analyses elsewhere in the nation have identified flows having frequencies around 1.5 to 2-year to be the 
channel-forming discharges. 


Response  


 Per the Final HMP, lower flow threshold criteria were based upon a fraction of the 2-year design 
flow. This determination was made using a synthetic modeling approach which used the 
continuous rainfall record to determine hydrologic response. Sediment transport models were 
then simulated for the entire historical record for a wide variety of channel conditions.  



http://ponce.sdsu.edu/noaa_24hr_sd_2x.html
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 The commentary regarding the 5-year design flow in the comment above was provided in 
reference to determination of interim flow control standards. As a reasonable first step for the 
setting of the interim standards, initial determinations were made based upon previous 
research conducted by the Southern California Coastal Water Research Project (SCCWRP) and 
others. The final flow control standards are based upon detailed hydrologic and sediment 
transport analyses. 


 


Coastkeeper Comment - The plan contains exemptions from requirements that will foreclose future 
stream restoration options, or at least substantially increase their difficulty.  One such instance is 
allowance of planning measures as alternatives in lieu of stormwater flow controls.  Another is the 
allowance of a demonstration that projected increases in runoff peaks and/or durations will not 
accelerate stream channel erosion.  The plan further provides a dispensation for controls if a project 
applicant conducts a sediment transport analysis and shows no adverse impact.  Such demonstrations 
could be convincingly made when a channel is hardened or already cut to bedrock, but each permitted 
increment of flow further reduces the opportunity to recover a natural stream, and its ecological values.  
The plan goes on to state specifically that hydromodification management flow controls will not be 
required for discharges into hardened channels or the downstream sub-watershed imperviousness is at 
least 70 percent and the potential for cumulative impacts is “minimal”.  This policy essentially consigns 
these channels perpetually to their artificial, highly degraded status with almost no ecological function.  
These exemptions should be removed, at least until a broad assessment of restoration potential can be 
completed and the most opportune cases prioritized for implementation. 


Response 


 The exemptions listed in the HMP closely follow recommendations provided in Permit R9-2007-
0001, especially with regard to discharges to existing hardened channels, storm drain systems, 
and into existing highly urbanized watersheds (with a percent imperviousness > 70%).  


 Planning measures such as implementation of Low-Impact Development (LID) facilities would 
still be required to demonstrate that the mitigated condition would meet mandated flow and 
duration control criteria.  


 Planning measures such as the implementation of riparian buffers or non-hardened stream 
restoration/rehabilitation projects would require mitigation proof in the form of an 
accompanying hydraulic and/or sediment transport analysis of sufficient technical rigor. The 
HMP does not allow for the implementation of concrete channel solutions as a method for 
stream restoration/rehabilitation.  


 


Coastkeeper Comment - The plan is silent on how the potential for cumulative impacts can or should be 
assessed and what “minimal” is.  It should be explicit on these subjects. 


Response 


 Chapter 5.3 provides a discussion of cumulative watershed impacts. 
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 Definition of cumulative watershed impacts was quantified in the detailed continuous 
simulation models prepared in association with the river system exemption, highly urbanized 
watershed scenario, and minimum orifice size. This discussion is detailed in Appendix F. 


 


Questions related to this comment response document should be directed to Sara Agahi at (858) 694-
2665. 
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Flow Threshold Analysis Third Party Review 







 
 
December 19, 2008 
 
 
 
 
Mrs. Sara Agahi, P.E. 
County of San Diego. 
5201 Ruffin Road, Suite D 
San Diego, CA  92123 
 
Subject: Review of Hydromodification Work by Phillip Williams and 


Associates (PWA) 
      
 


Dear Mrs. Agahi: 
 
This letter summarizes our findings from review of the subject PWA work as 
subconsultant to Rick Engineering Company and as authorized under County 
of San Diego Agreement Number 525773, Task Order Number 5. 
 
According to the County of San Diego (the County) Municipal Separate 
Storm Sewer System (MS4) permit, the Hydromodification Program (HMP) 
must use standards to manage increases in runoff discharge rates and 
durations where these are likely to cause increased erosion of channel bed and 
banks, sediment pollutant generation, or other impacts to beneficial uses and 
stream habitat due to increased erosive force.  Under the permit’s definition of 
“flow duration” it is noted that flow duration within the range of 
geomorphically significant flows is important for managing erosion.  The 
permit also requires that the HMP be based on continuous rainfall-runoff 
modeling.  The purpose of the work by PWA is to help establish the flow 
thresholds for use with the County HMP.   
 
The review consisted of examining the underlying assumptions of the 
analyses, the methodology followed in the analyses themselves (including the 
modeling techniques employed), development of results from the analyses, 
and conclusions reached based on those results.  The data, analyses and 
models submitted for review were contained on a portable hard drive provided 
by Brown & Caldwell on 11/20/08.  A memorandum from PWA to the 
County of San Diego dated 11/12/08 describing the watershed and channel 
modeling was also provided by Brown & Caldwell via e-mail on 11/25/08.  
Other background data was gathered from the periodic reports submitted by 
Brown & Caldwell and/or PWA to the Technical Advisory Group. 
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Method 
 
The general methodology employed by PWA was to conduct a large simulation-based sensitivity 
analysis to cover the range of potential channel and watershed conditions found in western San 
Diego County.  Three sample watersheds within the size to be regulated by the HMP were 
chosen in areas where development is expected to occur.  Specifics of the analyses are 
commented upon below. 
 
Hydrology 
 
The hydrology for each site was developed using the San Diego Hydrology Model (SDHM) for 
pre-development, post-development, and post-development with flow mitigation (one, one, and 
six simulations, respectively).  WEST verified the input data contained in the SDHM models for 
the Otay (Rolling Hills) and Peñasquitos basins.  Tables 1 and 2 present a summary of pond 
sizes, outlet dimensions, and LID parameters (infiltration rate and reduction factors) for each of 
the scenarios for the two watersheds. 
 
In the Otay input files, the same outlet dimensions (notch width, height, and orifice diameter) 
were maintained for each flow duration criteria simulation (10% Q2, 10% Q5, and 20% Q5) for 
both the “non-LID” and “with-LID” cases (see Table 1).  The pond size changes slightly, 
decreasing in the “with-LID” case because flow is lost through infiltration and the pond size can 
decrease while still meeting the duration criteria.  However, WEST found that in the 10% Q2 
scenario, the riser diameter is set to 400 inches, while it is fixed at 48 inches for all other 
scenarios.  The corresponding pond size changes from a square 750 feet on each side for the 10% 
Q2 scenario to one 318 feet on each side for the 10% Q2 with LID scenario.  WEST suggests 
changing the diameter to 48 inches and re-running the simulation. 
 
For the Peñasquitos watershed analyses we observed that while the riser dimensions were the 
same for all simulations, no consistent choice of notch height, width, and orifice diameter was 
maintained. 
 
In addition, the SDHM uses only rainfall data from the Lindbergh Field gage in the simulations.  
Potential pitfalls with this assumption have already been pointed out by Brown & Caldwell 
elsewhere.  All simulations used a 40-year period of record from this gage as input and runoff 
hydrographs were generated for the eight cases discussed above for each of the sample basins.  
Eight cases multiplied by three basins resulted in a total of 24 hydrologic simulations. 
 
PWA assumptions for land use (land cover, vegetation, percent impervious) for the test 
watersheds were not confirmed by measurement in a geographic information system (GIS), but 
seemed reasonable by inspection.   
 
The assumption that all runoff would be routed into a single runoff control facility is probably 
not realistic (especially given the resulting single basin sizes compared to the overall watershed 
area), but is justified for this type of comparative analysis. 
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Table 1.  Otay SDHM Parameters 


 
 
 
 
 
Table 2.  Peñasquitos SDHM Parameters 


 


OTAY 
Pond 


Length 
(ft) 


Pond 
Width 


(ft) 
Depth 


(ft) 
Riser 


Height 
(ft) 


Riser 
Diameter 


(in) 


Notch 
Height 


(ft) 


Notch 
Width 


(ft) 


Orifice 
diameter 


(in) 


Pond 
Volume at 
Riser Head 


(ac-ft) 


Infiltration 
Rate (in/hr) 


Reduction 
Factor 


Percent 
Infiltrated 


10% Q2 750 750 5 4 400 0.0954 4 0.86 54.09 n/a n/a n/a 


10% Q5 232 232 5 4 48 0.0878 3.9584 5.543 5.55 n/a n/a n/a 


20% Q5 211 211 5 4 48 0.0954 3.94 7.9314 4.624 n/a n/a n/a 


10% Q2 with LID 318 318 5 4 48 0.0954 4 0.86 10.154 0.7 0.25 88.74 


10% Q5 with LID 225 225 5 4 48 0.0878 3.9584 5.543 5.241 0.7 0.25 41.65 


20% Q5 with LID 210 210 5 4 48 0.0954 3.94 7.9314 3.5 0.7 0.25 34.47 


PEÑASQUITOS 
Pond 


Length 
(ft) 


Pond 
Width 


(ft) 
Depth 


(ft) 
Riser 


Height 
(ft) 


Riser 
Diameter 


(in) 


Notch 
Height 


(ft) 


Notch 
Width 


(ft) 


Orifice 
diameter 


(in) 


Pond Volume 
at Riser Head 


(ac-ft) 


Infiltration 
Rate 


(in/hr) 
Reduction 


Factor 
Percent 


Infiltrated


10% Q2 307 307 7 6 72 0.14 6.00 2.82 14.73 n/a n/a n/a 


10% Q5 172 172 7 6 72 0.2835 5.94 7.7877 5.041 n/a n/a n/a 


20% Q5 162 162 7 6 72 0.178 5.94 10.673 4.54 n/a n/a n/a 


10% Q2 with LID 251 251 7 6 72 0.178 5.94 2.9834 10.121 0.7 0.25 53.82 


10% Q5 with LID 179 179 7 6 72 0.3185 5.94 8.2677 5.445 0.7 0.25 24.13 


20% Q5 with LID 183 183 7 6 72 0.2626 6 7.5051 5.632 0.7 0.25 25.2 







Mrs. Sara Agahi, P.E.                  4 December 19, 2008 


Hydraulics and Sediment Transport 
 
As opposed to the site-specific characteristics employed in the hydrologic analysis, the hydraulic 
and sediment transport analyses appear to be completely hypothetical in nature. The eight 
hydrographs produced from the SDHM simulations previously discussed were used as input to 
the HEC-RAS hydraulic and sediment transport model.  Other key input parameters such as 
cross section geometry, channel slope, roughness, and sediment characteristics were selected to 
cover a “representative” range corresponding to potential field conditions.  Forty-two 
combinations of basin, grain size, slope and width-to-depth ratio were simulated in HEC-RAS 
for each of the eight hydrologic scenarios resulting in at least 336 models created and executed 
(additional models were created for sensitivity analyses).  The volume of sediment leaving a 
“project reach” over the 40-year simulation for each of the post-development analyses were 
compared with pre-development yield and the results interpreted to select the minimum flow 
rated that should be regulated in the HMP.   
 
Significant time and effort was obviously spent in preparing, executing and debugging the 
numerous models.  Model instabilities led to using a sediment rating curve approach for 
computing sediment yield.  There are significant issues regarding the modeling and computations 
which throw the validity of the results and the conclusions drawn from them into question.  
Specific comments are provided in the following sections. 
 
Cross Section Geometry 
The synthetic cross section geometry (width and depth) used for the analyses was generated 
using empirical relationships developed from various sources.  These include equations for 
gravel-bed rivers in the UK and US, relations for sand-bed streams, and regression equations 
developed from measurements of Southern California streams (references in PWA memorandum 
of 11/12/08).  Application of some of these equations to San Diego Country streams is 
problematic, while other similar equations developed from US data (e.g., Lee and Julien1) were 
not employed.  In any case, cross sections were developed by imposing a small “bankfull” 
channel at the bottom of a v-shaped section with 10% side slopes (10 horizontal feet for each 1 
vertical foot).  Width to depth (W:D) values were computed using the various methods, and a set 
of width to depth values were chosen, apparently only loosely linked to the specific method 
results. A trapezoidal channel containing three bottom points was created at the bottom of each 
cross section.  Based on spreadsheets and models provided W:D ratios of 3, 6, and 10 were run 
for both the Peñasquitos and Otay sites.  A W:D ratio of 20 was also used for the Otay site for 
certain combinations of grain size and slope.  Channel depths in HEC-RAS, based on the 
equation results, were set between 0.25 to 0.5 feet for Peñasquitos and 0.7 feet or less for Otay.  
Therefore, even though numerous combinations of W:D ratio were used, the absolute dimensions 
were still very small (for a depth of 0.5 feet the top width would vary from 1.5 feet to 5 feet for 
W:D ratios of 3 and 10, respectively). 
 
Several of these cross section geometry relationships rely on bankfull or channel-forming 
discharge as an input parameter.  This discharge was estimated by PWA using USGS regression 


                                                           
1 “Downstream Hydraulic Geometry of Alluvial Channels,” Lee and Julien, Journal of Hydraulic Engineering Vol. 
132, No. 12, December 2006. 
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equations2.  Although it is recognized that few methods exist outside of site-specific 
investigations to estimate this discharge, the USGS equations are known to be very approximate.  
The equations are based on gauging stations from Santa Barbara to San Diego, from the coast to 
elevations above 5,000 feet and using data available in 1975.  The mean annual precipitation 
(MAP), also an input to the regression equation, was assumed to be 15 inches for this exercise 
although it does vary from about 9 inches at the coast to over 25 inches at higher elevations.  The 
MAP at both the Peñasquitos and Otay sites is close to 12 inches.  It could be argued that a 5-
year return interval would be a more appropriate indicator of bank-full discharge than a 2-year 
flow, but this is a topic that is still being researched and is far from resolved for semi-arid 
regions such as San Diego. 
 
Roughness was held constant apparently for all simulations with Manning’s coefficients of 0.03 
for the channel and 0.05 for the overbanks.  This could have an impact on the overall results and 
conclusions as roughness will usually increase with both increasing grain size and increasing 
slope (two of the variables in the PWA analysis). 
 
Boundary Conditions 
The combination of a short (500 foot) channel length and uncertain boundary conditions casts 
doubt on the results.  Modelers recognize that results near boundaries often reflect inaccuracies 
in assumptions at those boundaries and will therefore extend their models beyond the immediate 
area of concern to minimize these boundary effects.  The current models incorporate boundary 
effects at both the upstream and downstream ends.  An “equilibrium” inflowing sediment load 
was developed with the HEC-RAS model such that the upstream most cross section would 
neither aggrade nor degrade with time.  This load was based on uniform sediment size, slope, 
cross section shape, etc. and is a necessary but fictitious assumption to perform the simulations.  
At the downstream end, the assumption of normal depth at a fixed energy slope can have similar 
results. In addition, using a depth rather than an elevation at the downstream end with a movable 
bed model can prevent the model from ever reaching an equilibrium state. For example, at an 
aggrading downstream boundary, instead of increased velocity (increased sediment transport 
potential at a shallower flow depth) the water surface elevation will simply increase to match the 
bed increase in order to maintain the computed normal depth. 
 
Sediment Grain Sizes 
The uniform grain sizes used in the simulations are not representative of field conditions and the 
model results cannot reflect preferential transport of various size classes nor armoring of the bed 
(“hiding” of smaller size particles by larger ones on the surface). 
 
Hydrologic Record 
Model run times and output were larger than necessary because all flows were simulated, even 
zero flows.  Typically in arid regions modeling, zero flows and very low flows estimated not to 
be able to move particles are excluded from simulations.  In the arid Southwest, it is not unusual 
to have a 50 year period of record with only 10-20 years of actual flow data modeled. 
 
 
                                                           
2 “Magnitude and Frequency of Floods in California,” Waananen and Crippen, USGS Water Resources 
Investigations 77-21, 1977. 
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Maximum Erosion Depth 
The maximum depth of erosion (or “hard bottom”) was set to 5 feet for all models.  By itself, this 
is a reasonable value given the very small channel dimensions.  However, the fact that the cross 
sections hit this hard bottom many times, prompting the switch to the analytical (rating curve) 
approach, even for existing conditions (no increased flows) should have been an indicator that 
other modeling problems were present. An example is given in Figure 1. 
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Figure 1.  Otay site, existing conditions, bed hits hard bottom December, 1965 


 
 


Overall, it appears that given all of the assumptions, uncertainty with inputs, and modeling 
problems, that a stable slope type analysis would have given similar results with much less effort 
involved. 
 
 
Conclusions 
 
Based on examination of the materials provided, this reviewer has serious concerns about the 
results obtained and their application to flow thresholds for hydromodification requirements.  All 
results are related to baseline conditions – good practice in sedimentation modeling – but it is not 
clear that the baseline results are reasonable.  Additionally, as noted by PWA in their 
memorandum, implementation of a threshold of 0.1Q2 will be a challenge in practical terms as 
this will encompass a very large range of flows.  However, is 0.1Q2 a reasonable threshold based 
solely on sediment movement?  Based on the EPA Nationwide Urban Runoff Program (NURP) 
results and continuous simulation modeling, Bledsoe and Watson3 argue that standard hydrologic 
design practices are inadequate for characterizing the cumulative effects of urbanization on flow 
events that are more frequent than Q2 (emphasis added) in terms of sediment transport and 
channel disturbance potential.  That is to say, additional work leading from questions about the 
methodology and/or results of the PWA study may not result in an increase in a lower flow 
threshold for the HMP.  Because of site-specific values of grain size, slope, roughness, and 
                                                           
3 “Effects of Urbanization on Channel Instability,” Bledsoe and Watson, Journal of the American Water Resources 
Association, Volume 37, No. 2, April 2001. 


5 feet 
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channel shape, it is not clear that using any specific frequency discharge as an indicator of shear 
stress that will move particles is a tenable approach. 
 
 
Recommendations 
 
Clearly the goal of the County must be to meet intent of MS4 permit with a reasonable effort to 
quantify flow thresholds.  PWA’s hydraulic and sediment transport results should be 
supplemented with real data from sites in order to set thresholds (flows, shear stresses, or 
velocities).  With the help of the technical advisory group and others, existing information could 
be gathered to provide additional base data.  Slope, sediment properties, roughness, and channel 
shape data from other studies could be used to compute shear stresses that would move 
significant amounts of sediment.  If frequency discharges are available for a site, the critical 
shear could be related to a return period.  If enough sites are available, the data could be analyzed 
to see if there is a consistent value of return period.  If such a value is found, this could used for a 
regulatory threshold.  If not, a site specific analysis may be required for each project. 
 
Thank you for the opportunity to perform this review and contribute to stormwater management 
practice in San Diego County.  Please call me at (858) 487-9378 if you have any questions. 
 
Sincerely, 
 
 
 
 
Martin J. Teal, P.E., P.H., D.WRE 
Vice President 
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 Memorandum  
9665 Chesapeake Drive, Suite 201 
San Diego, CA 92123 
Tel: 858-514-8822 
Fax: 858-514-8833 


 


Project Title:  San Diego County Hydrograph Modification Plan 


Project No:  133904 


 


San Diego County Hydrograph Modification Plan 


Subject:  Using Continuous Simulation to Size Storm water Control Facilities 


Date:  April 30, 2008 


To:  Sara Agahi, San Diego County 


From:  Tony Dubin, Brown and Caldwell 
Nancy Gardner, Brown and Caldwell 


 


Brown and Caldwell prepared this memo to help civil engineers through the process of sizing storm water 
control facilities to meet San Diego County’s Interim Hydromodification Criteria (IHC).  Since the 
publication of the IHC this past January, the County has been engaged in outreach activities to explain the 
new storm water modeling methods required by the IHC and storm water facilities that could meet the IHC 
performance standard.  In response to the outreach efforts, the County has received several questions and 
comments along a common theme:   


1. How do we perform continuous hydrologic modeling analyses to size storm water control facilities?  
2. What is the precise meaning of the peak flow and flow duration curve matching standard described in 


the IHC memo?  


This document is not a complete “how-to manual” for conducting continuous hydrologic modeling to meet 
the County’s IHC, but we hope it addresses the major technical concerns of the local engineering community.   


Using Continuous Simulation Models to Size Storm Water Facilities 


The IHC requires continuous simulation hydrologic modeling to adequately size storm water control facilities.  
This is a significant break with the common local practice of using event-based modeling to determine 
whether a storm water pond, swale or other device was properly sized.  Event-based modeling computes 
storm water runoff rates and volumes generated by a synthetic rainfall event with a total depth that matches 
local records (e.g., rainfall depths shown in County isopluvial maps).  By contrast, continuous modeling uses a 
long time series of actual recorded precipitation data as input a hydrologic model.  The model in turn 
simulates hydrologic fluxes (e.g., surface runoff, groundwater recharge, evapotranspiration) for each model 
time step.   


Continuous hydrologic models are usually run using one-hour or 15-minute time steps, depending on the type 
of precipitation data available and computational complexity of the model.  Continuous models generate 
outputs for each model time step and most software packages allow the user to output a variety of different 
hydrologic flux terms.  For example, a continuous simulation model setup with 25 years of hourly 
precipitation data will generate 25 years of hourly runoff estimates, which corresponds to runoff estimates for 
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each of the 219,000 time steps (each date and hour) of the 25 year simulation period.  While creating and 
running continuous simulation models involves more effort than running event-based models, the clear 
benefit of the continuous approach is that these models allow an engineer to estimate how often and for how 
long flows will exceed a particular threshold.  Limiting how often and for how long geomorphically 
significant flows occur is at the heart of San Diego County’s approach to hydrograph modification 
management.   


Two common models were presented at a recent APWA workshop on HMP issues: HSPF and HEC-HMS.  
HSPF refers to the Hydrologic Simulation Program-FORTRAN and is distributed by the USEPA.  HEC-
HMS refers to the Hydrologic Modeling System (HMS) produced by the US Army Corps of Engineers 
Hydraulic Engineering Center (HEC).  Engineers unfamiliar with these software packages should seek out 
training opportunities and online guidance.  The USEPA conducts training workshops around the US to help 
teach engineers how to use HSPF.   HEC-HMS training is provided through ASCE and third-party vendors.   


The following list describes the major elements of developing a hydrologic model and using that model to 
size storm water facilities that meet the IHC.   


1. Select an appropriate historical precipitation dataset for the analysis.   
a. The precipitation station should be located near the project site or at least receive similar rainfall 


intensities and volumes as the project site.   
b. The station should also have a minimum of 25-years of data recorded at hourly intervals or more 


frequently.   
2. Develop a model to represent the pre-project conditions, including  


a. Land cover types 
b. Soil characteristics  
c. General drainage direction 


3. Develop a model to represent the post-project conditions, including  
a. New land cover types – more impervious surfaces 
b. Soil characteristics  
c. Any modifications to the drainage layout 


4. Examine the model results to determine how the proposed development affects storm water flows 
a. Compute peak flow recurrence statistics (described below)  
b. Compute flow duration series statistics (described below)  


5. Iteratively size storm water control facilities until the post-project peak flows and durations meet the 
performance standard described below.   


Understanding the Peak Flow and Flow Duration Performance Criteria 


The IHC is based on a peak flow and flow duration performance standard.  To compute the peak flow and 
flow duration statistics described in the standard, model users must have a method for evaluating long time 
series outputs (usually longer than the 65,000 rows available in MS Excel 2003 and earlier versions) and 
computing both peak flow frequency statistics and flow duration statistics.   


We recommend computing peak flow frequency statistics by constructing a partial-duration series (rather 
than an “annual maximum” series).  This involves examining the entire runoff time series generated by the 
model, dividing the runoff time series into a set of discrete unrelated events, determining the peak flow for 
each event, ranking the peak flows for all events and then computing the recurrence interval or plotting 
position for each storm event.  To limit the number of discrete events to a manageable number, we usually 
only select events that are larger than a 3-month recurrence when generating the partial duration series.  We 
consider flow events to be “separate” when flow rates drop below a threshold value for a period of at least 24 
hours.   
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The exercise described above will generate a table of peak flows and corresponding recurrence intervals (i.e., 
frequency of occurrence for a particular flow).  For continuous modeling and peak flow frequency statistics, it 
is important to remember that events refer to flow events and not precipitation events.  Peak flow frequency 
statistics estimate how often flow rates will exceed a given threshold.  For example, the 5-year flow event 
represents the flow rate that is equaled or exceeded an average of once per 5 years (and the storm generating 
this flow does not necessarily correspond to the 5-year precipitation event).  Ranking the storm events 
generated by a continuous simulation and computing the recurrence interval of each storm will generate a 
table similar to Table 1 below.   


Readers who are unfamiliar with how to compute the partial-duration series should consult reference books 
or online resources for additional information.  For example, Hydrology for Engineers, by Linsley et all, 1982, 
discusses partial-duration series on pages 373-374 and computing recurrence intervals or plotting positions on 
page 359.  Handbook of Applied Hydrology, by Chow, 1964, contains a detailed discussion of flow frequency 
analysis, including Annual Exceedance, Partial-Duration and Extreme Value series methods, in Chapter 8.  
The US Geological Survey (USGS) has several hydrologic study reports available online that use partial-
duration series statistics (see http://water.usgs.gov/ and 
http://water.usgs.gov/osw/bulletin17b/AGU_Langbein_1949.pdf).   


 
Table 1.  Example Peak Flow Frequency Statistics 


Recurrence Interval (years) Peak Flow  
(cfs per acre) 


58.5 0.73 
21.9 0.69 
13.5 0.53 
9.8 0.53 
7.6 0.51 
6.3 0.51 
5.3 0.50 
4.6 0.50 
4.1 0.49 
3.7 0.48 
3.3 0.48 
3.0 0.46 
2.8 0.45 
2.6 0.45 
2.4 0.45 
2.3 0.45 
2.1 0.44 
2.0 0.42 


Flow duration statistics are more straightforward to compute than peak flow frequency statistics.  Flow 
duration statistics provide a simply summary of how often a particular flow rate is exceeded.  To compute the 
flow duration series, rank the entire runoff time series output and divide the results into discrete bins.  Then, 
compute how often the flow threshold dividing each bin is exceeded.  For example, let’s assume the results of 
a 35-year continuous simulation hydrologic model with hourly time steps show that flows leaving a project 
site exceeded 5 cfs an average of about once per year for 30 hours at a time.  This corresponds to a total of 







 
4 


1050 hours of flows exceeding 5 cfs over 35 years.  Another way to express this information is to say a flow 
rate of 5 cfs is exceeded 0.34 percent of the time.  Computing the “exceedance percentage” for other flow 
rates will fill out the flow duration series.  Table 2 lists an example flow duration series.   


 
Table 2.  Example Flow Duration Statistics 


Flow  
(cfs per acre) Percent of Time Flow Rate is Exceeded 


0.02 0.67% 
0.03 0.43% 
0.04 0.34% 
0.06 0.27% 
0.07 0.21% 
0.09 0.17% 
0.10 0.15% 
0.12 0.12% 
0.13 0.11% 
0.15 0.09% 
0.16 0.08% 
0.17 0.07% 
0.19 0.06% 
0.20 0.05% 
0.22 0.05% 
0.23 0.04% 
0.25 0.04% 
0.26 0.03% 


The intention of the IHC performance standard is to limit the potential for new development to generate 
accelerated erosion of stream banks and stream bed material in the local watershed by matching the post-
project hydrograph to the pre-project hydrograph for the range of flows that are likely to generate significant 
amounts of erosion within the creek.  The IHC memo identified the geomorphically significant flow range as 
extending from two-tenths of the 5-year flow to the 10-year flow (0.2Q5 to Q10).  The performance standard 
requires the following:   


A. For flow rates from 20% of the pre-project 5-year runoff event (0.2Q5) to the pre-project 10-year 
runoff event (Q10), the post-project discharge rates and durations shall not deviate above the pre-
project rates and durations by more than 10% over more than 10% of the length of the flow duration 
curve.  


B. For flow rates from 0.2Q5 to Q5, the post-project peak flows shall not exceed pre-project peak 
flows. For flow rates from Q5 to Q10, post-project peak flows may exceed pre-project flows by up 
to 10% for a 1-year frequency interval. For example, post-project flows could exceed pre-project 
flows by up to 10% for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but not from Q8 to Q10.   
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Determining When a Storm Water Control Facility Meets the IHC Performance 
Standard 


The previous section discussed how to calculate peak flow frequency and flow duration statistics.  By 
comparing the peak flow frequency and flow duration series for pre-project and post-project conditions, an 
engineer can determine whether a stormwater control facility would perform adequately or if its size should 
be increased or decreased.  The easiest way to determine if a particular storm water facility meets the IHC 
performance standard is to plot peak flow frequency curves and flow duration curves for the pre-project and 
post-project conditions.   


Figure 1 shows a flow duration curve for a hypothetical development.  The three curves show what 
percentage of the time a range of flow rates are exceeded for three different conditions:  pre-project, post-
project and post-project with storm water mitigation.  Under pre-project conditions the minimum 
geomorphically significant flow rate (assumed to be 0.2Q5) is 0.10 cfs and flows would equal or exceed this 
value about 0.14% of the time (about 12 hours per year).  For post-project conditions, this flow rate would 
occur more often – about 0.38% of the time (about 33 hours per year).  This increase in the duration of the 
geomorphically significant flow after development illustrates why duration control is closely linked to 
protecting creeks from accelerated erosion.  Higher flows that last for longer durations provide the energy 
necessary to increase the amount of erosion in local creeks.  The post-project mitigated condition would 
include stormwater controls designed to limit the duration of geomorphically significant flows.  Figure 1 
shows that flows exceed 0.10 cfs only 0.08% of the time, which is less than pre-project conditions.  This 
means the stormwater control mitigations would counteract the effects of the increased pavement associated 
with development projects.   


An engineer can easily interpret the flow duration plots to determine whether a stormwater control facility 
would meet the IHC.  Looking at the flow range between 0.2Q5 and Q10, the post-project mitigated curve 
should plot on or to the left of the pre-project curve.  If the post-project curve plots to the left of the pre-
project curve, this means a particular flow would occur for shorter durations due to storm water controls.  
Minor deviations where the post-project durations exceed the pre-project durations are allowed over a short 
portion of the flow range as described in IHC item A above.   


 







 
6 


0.00


0.10


0.20


0.30


0.40


0.50


0.60


0.70


0.80


0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40


% Time Exceeded


Fl
ow


 (c
fs


)


Impervious Flow (cfs)
Pre-Project Flow (cfs)
Post-Project Mitigated Flow (cfs)
Pre-Project 0.2Q5
Pre-Project Q10


 
Figure 1.  Flow Duration Series Statistics for a Hypothetical Development Scenario 


Figure 2 shows a peak flow frequency curve for pre-project, post-project and post-project with storm water 
mitigation scenarios.  The curves indicate how often a particular flow rate would be equaled or exceeded.  For 
example, the pre-project 5 year flow rate would be 0.5 cfs per acre.  This means under pre-project conditions, 
a flow rate of 0.5 cfs per acre would be equaled or exceeded an average of once per 5 years.  For developed 
conditions, this 0.5 cfs per acre peak flow rate occur more often – about once per 1.5 years or, expressed 
another way, more than 3 times as often.  The developed 5 year flow rate would increase by 30 percent over 
the pre-project condition, from 0.5 cfs per acre to about 0.65 cfs per acre.   


Storm water control facilities should reduce peak flows from the site to levels less than or equivalent to the 
pre-project conditions.  To determine whether a storm water facility provides sufficient protection, examine 
the peak flow frequency curves to see if the post-project mitigated peak flows are lower than pre-project peak 
flows of the same recurrence interval.  The post-project mitigated scenario curve should plot below the pre-
project curve for recurrence intervals between 0.2Q5 and Q10 to meet the IHC performance standard, with 
the possible exception of the small, allowable deviations described above in IHC item B.    
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Figure 2.  Peak Flow Frequency Statistics for a Hypothetical Development Scenario 
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 Memorandum  
9665 Chesapeake Drive, Suite 201 
San Diego, CA 92123 
Tel: 858-514-8822 
Fax: 858-514-8833 


 


Project Title:  San Diego County Hydrograph Modification Plan 


Project No:  133904 


 


San Diego County Hydrograph Modification Plan 


Subject:  HMP Sensitivity Analysis 


Date:  December 16, 2009 


To:  Sara Agahi, San Diego County 


From:  Tony Dubin, Brown and Caldwell 
Eric Mosolgo, Brown and Caldwell 


 


This memorandum evaluates three conditions where the HMP requirements could be modified without 
appreciable impacts on the receiving water body:  


1. Development that is directly tributary to a large river 
2. Development in highly urbanized watershed 
3. Limited small developments within a watershed 


The following sections describe the technical analysis that was performed to test the sensitivity of river flow 
durations to specific modifications in the HMP requirements. The results of the technical analysis can be used 
to justify and/or discard any planned special conditions that allow the HMP requirements to be modified.  


Issue #1: Could Developments Near Large Rivers Be Exempted from Flow 
Duration Requirements? 


To test whether development that is directly tributary to large rivers could potentially be exempted from flow 
duration control requirements, we examined the historical flow record for the San Diego River and evaluated 
how much additional development could occur without an appreciable change in the range of flows within 
the San Diego River channel.  


We acquired the historical, hourly stream flow records for the San Diego River at Fashion Valley (USGS 
11023000) and San Diego River at Mast Road (USGS 11022480) directly from the US Geological Survey. The 
data was available from October 1988 through November 2009. Next, we computed flow duration statistics 
for the river and computed relevant statistics, such as the peak 2-year flow rate.  


After summarizing the river flows, we built HSPF models to simulate the conversion of undeveloped land to 
suburban development, assuming a 10-acre hypothetical development. We then ran the HSPF models and 
computed flow duration curves for the pre- and post-development conditions. We ran one scenario that used 
the Fashion Valley rain gauge and another scenario that used the Santee rain gauge. Table 1 lists the NRCS 
soil groups, land uses, and rain gauges that were used to simulate the different development scenarios.   
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Table 1.  HSPF Model Assumptions for Large River Exemption Simulations 


Soil and Land Use Combinations (area in acres) 
No. Scenario Description Rain Gauge 


Basin 
Acres Impervious C/D, Dirt C/D, Grass C/D, Shrub 


1 Undeveloped conditions in lower 
watershed Fashion Valley 10 0 5 0 5 


2 Developed (unmitigated) conditions in 
lower watershed Fashion Valley 10 4 0 4 2 


3 Undeveloped conditions in lower 
watershed Santee 10 0 5 0 5 


4 Developed (unmitigated) conditions in 
lower watershed Santee 10 4 0 4 2 


 


To simulate the incremental effects of development on flow durations, the pre-development flow duration 
curve was subtracted from the post-development flow duration curve.  To represent multiple developments, 
the flow portion of this difference flow duration curve was scaled linearly with area to represent 100, 500, 1000, and 
2000-acres of additional development within the San Diego River watershed. The simple scaling of the flow 
duration curves ignores the curve smoothing that could result from the staggered timing of flows reaching the 
San Diego River, and as such, this simple scaling of the flow duration curves should provide a conservative 
approximation of the impacts of multiple developments.  


Finally, to gauge the impact of multiple developments on the range of San Diego River flows, the difference flow 
duration curves for 10, 100, 500, 1000, and 2000-acres of additional development were superimposed on the 
observed San Diego River flow duration curve.  Figure 1 and Figure 2 (on the following pages) show the 
combined effect of multiple developments in the vicinity of the Fashion Valley stream flow gauge.  Figure 2 
shows the same information, but with the scale that focuses in on the part of the curve where the differences 
are most noticeable. Figure 3 and Figure 4 show the same results for the Mast Road (near Santee) stream flow 
gauge.   


Recommendations  


The post-development flow duration curves show very little difference from existing condition flow duration 
curves until about 2,000 acres or more of additional development occurs. Even when there are differences in 
the flow duration curves, the flow rates are sufficiently high that the incremental difference would not 
appreciably increase the level of sediment movement and river bank erosion. As such, we recommend  
exemptions for these reaches of the San Diego River and other similar rivers from flow duration control 
requirements.  







 


 
3 


P:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\Deliverables\Reports\HMP 12-11-09 FINAL\TEXT\Appendices\Appendix F\Appendix F_HMP Sensitivity 
Analysis (2009-12-16) agahi edits.doc 


0


200


400


600


800


1000


1200


0 1 2 3 4 5 6 7 8 9 10
% Time Exceeded


Fl
ow


 (c
fs


)
San Diego River at Fashion Valley (11023000)
Add 10-acres Development
Add 100-acres Development
Add 500-acres Development
Add 1000-acres Development
Add 2000-acres Development
0.5Q2
Q10


 
Figure 1.  Effects of Additional Development near the San Diego River at Fashion Valley 
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Figure 2.  Effects of Additional Development near the San Diego River at Fashion Valley, Zoomed View 


 







 


 
4 


P:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\Deliverables\Reports\HMP 12-11-09 FINAL\TEXT\Appendices\Appendix F\Appendix F_HMP Sensitivity 
Analysis (2009-12-16) agahi edits.doc 


0


200


400


600


800


1000


1200


0 1 2 3 4 5 6 7 8 9 10
% Time Exceeded


Fl
ow


 (c
fs


)
San Diego River at Mast Road (11022480)
Add 10-acres Development
Add 100-acres Development
Add 500-acres Development
Add 2000-acres Development
Add 1000-acres Development
0.5Q2
Q10


 
Figure 3.  Effects of Additional Development near the San Diego River at Mast Road (near Santee) 
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Figure 4.  Effects of Additional Development near the San Diego River at Mast Road (near Santee), Zoomed View 
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Issue #2: Could Limited Infill Development within Highly Urban 
Watersheds Be Exempted from Flow Duration Control Requirements? 


To test whether limited infill development within urbanized watersheds would appreciably impact flow 
durations in receiving water bodies, we built HSPF models to simulate the stormwater runoff that would 
occur in 10-acre, 100-acre, and 500-acre urbanized watersheds with 40, 50, and 60-percent total impervious 
areas. Table 2 lists the soil, land use, and rain gauges that were used to develop the models.  


 
Table 2.  HSPF Model Assumptions for Urban Infill Exemption Simulations 


Soil and Land Use Combinations (area in acres) 
No. Scenario Description Rain Gauge 


Basin 
Acres Impervious C/D, Dirt C/D, Grass C/D, Shrub 


1 10-acre urban watershed (40% 
impervious) Fashion Valley 10 4 0 4 2 


2 100-acre urban watershed (40% 
impervious) Fashion Valley 100 40 0 40 20 


3 500-acre urban watershed (40% 
impervious) Fashion Valley 500 200 0 200 100 


4 10-acre urban watershed (50% 
impervious) Fashion Valley 10 5 0 4 1 


5 100-acre urban watershed (50% 
impervious) Fashion Valley 100 50 0 40 10 


6 500-acre urban watershed (50% 
impervious) Fashion Valley 500 250 0 200 50 


7 10-acre urban watershed (60% 
impervious) Fashion Valley 10 6 0 3 1 


8 100-acre urban watershed (60% 
impervious) Fashion Valley 100 60 0 30 10 


9 500-acre urban watershed (60% 
impervious) Fashion Valley 500 300 0 150 50 


 


Figure 5 (on the following page) shows a peak flow frequency curve for the 100-acre, 40, 50, and 60-percent 
impervious scenarios. Figure 6 shows the flow duration curves for these 100-acre watershed scenarios. Figure 
7 focuses on the portion of the flow duration curves where the differences in the simulations are most 
noticeable. The 10-acre and 500-acre scenarios produced similar results (on a unit area basis).  


Recommendations  


The extent of the spread among the 40, 50, and 60-percent model scenarios demonstrates that unchecked 
development within urbanized watershed would have a noticeable effect on the peak flows and flow 
durations observed within the receiving waters. However, some modest level of urbanized development 
would produce minor or negligible effects on the peak flows and flow durations. Based on our examination 
of the peak flow frequency and flow duration curves, we recommend the following allowances in highly 
urbanized watersheds:  


For subwatershed areas containing between 40 percent and 70 percent existing 
imperviousness (as measured from the project site downstream to a natural creek 
confluence), projects may be exempt from HMP criteria if: 
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1. The potential cumulative impacts within the subwatershed would not increase the 
composite impervious area percentage by more than 3 percent, and; 


2. The project discharges runoff to an existing hardened system (storm drain or concrete 
channel) that extends beyond the Domain of Analysis determined for the project site.  


For subwatershed areas containing existing impervious percentages greater than 70 percent 
(as measured downstream to the Pacific Ocean, San Diego Bay, a tidally influenced lagoon, 
or an exempt river system), projects are exempt from HMP criteria. Additionally, for 
subwatershed areas containing less than 40 percent existing imperviousness, projects are 
subject to HMP criteria unless they qualify for another exemption (per HMP Decision 
Matrix). 
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Figure 5.  Simulated Peak Flow Frequencies for 100-acre Urbanized Watershed (Fashion Valley rainfall) 


 







 


 
7 


P:\Projects\San Diego County\133904 - SDCo Hydromod Management Plan\Deliverables\Reports\HMP 12-11-09 FINAL\TEXT\Appendices\Appendix F\Appendix F_HMP Sensitivity 
Analysis (2009-12-16) agahi edits.doc 


0


10


20


30


40


50


60


70


80


0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
% Time Exceeded


Fl
ow


 (c
fs


)
HSPF Simulation: 100-acre, 60% Impervious Watershed
HSPF Simulation: 100-acre, 50% Impervious Watershed
HSPF Simulation: 100-acre, 40% Impervious Watershed
0.5Q2
Q10


 
Figure 6.  Simulated Flow Durations for 100-acre Urbanized Watershed (Fashion Valley rainfall) 
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Figure 7.  Simulated Flow Durations for 100-acre Urbanized Watershed (Fashion Valley rainfall), Zoomed View 


Issue #3: Could Limited Small Developments Specify a Minimum 3-inch 
Diameter Orifice for Detention Pond Design without Affecting the 
Receiving Water’s Flow Durations? 


Due to concerns about clogging, a 3-inch diameter minimum diameter orifice has been proposed for 
stormwater detention pond design. This size orifice would not provide the required level of flow restriction 
for small developments, because the 3-inch diameter orifice capacity is greater than the lower flow control 
range (0.1Q2, 0.3Q2, 0.5Q2) in the Final HMP.  As such, we tested whether a limited number of small 
developments could use a 3-inch minimum orifice diameter without generating appreciable cumulative effects 
on the receiving water’s flow durations.  


We built HSPF models to represent undeveloped 100-acre and 500-acre watersheds in the vicinity of the 
Lower Otay rain gauge. We then built HSPF models to represent undeveloped and developed-mitigated 
conditions for 5-acre and 10-acre development sites. The developed-mitigated scenarios included detention 
ponds with 3-inch diameter lower orifice and an upper high flow release.  


Similar to the large watershed development scenarios evaluated for Issue #1 above, we computed flow 
duration curves for the undeveloped and developed-mitigated scenarios, and then subtracted the undeveloped 
flow duration curve from the developed-mitigated flow duration curve to estimate the difference in 
conditions. Then, we scaled the difference flow duration curve in increments of 5, 10, 25, and 50-acres and 
superimposed these curves on the 100-acre and 500-acre undeveloped scenarios to determine when the 
cumulative impacts would be noticeable. Table 3 lists the soil, land use, and rain gauges that were used for 
this analysis.  


 
Table 3.  HSPF Model Assumptions for 3-inch Minimum Orifice Diameter Simulations 


Soil and Land Use Combinations (area in acres) 
No. Scenario Description Rain Gauge 


Basin 
Acres Impervious C/D, Dirt C/D, Grass C/D, Shrub 


1 100 ac undeveloped conditions Lower Otay 100 0 50 0 50 


2 500 ac undeveloped conditions Lower Otay 500 0 250 0 250 


3 1 ac undeveloped conditions Lower Otay 1 0 0.5 0 0.5 


4 5 ac undeveloped conditions Lower Otay 5 0 2.5 0 2.5 


5 10 ac undeveloped conditions Lower Otay 10 0 5 0 5 


6 1 ac mitigated conditions with 3-in 
diameter outlet Lower Otay 1 0.4 0 0.4 0.2 


7 5 ac mitigated conditions with 3-in 
diameter outlet Lower Otay 5 2 0 2 1 


8 10 ac mitigated conditions with 3-in 
diameter outlet Lower Otay 10 4 0 4 2 


 


Figure 8 shows the flow durations curves for the 100-acre undeveloped scenario, plus developed-mitigated 
scenarios with increments of 5, 10, 25, and 50-acres of development. For the developments, we are assuming 
the ponds serve 10 acre increments of development (except for the 5-acre increment scenario) and include a 
3-inch diameter lower control orifice.  
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Figure 8.  Simulated Flow Durations for Adding Development and Extended Duration Ponds with 3-inch Minimum 


Diameters to a 100-acre Undeveloped Watershed (Lower Otay rainfall) 


The results show that the cumulative development flow duration curve approximately matches the 
undeveloped flow duration curves when development occurs in 10 percent or less of the watershed. For 
development levels in excess of 10 percent, the cumulative flow duration curve deviates noticeably from the 
undeveloped condition. The 500-acre undeveloped watershed simulations indicated a similar threshold 
sensitivity to development.  


Recommendations 


The HSPF analysis indicated limited situations where a 3-inch minimum orifice size standard could be 
applied. However, it should be noted that for small sites where orifices less than 3-inches would be required 
for HMP mitigation, we recommend an LID requirement in lieu of extended detention facilities. 


For project sites 1 acre of less in size: 


 HMP mitigation must be attained through the use of LID facilities (because a 3-inch outlet orifice 
would provide no tangible mitigation) 


For project sites greater than 1 acre and less than 5 acres in size: 


 HMP mitigation should be attained through the use of LID facilities 


If LID implementation is not possible and extended detention basins are used: 


 A 3-inch minimum outlet orifice size may be used provided that the potential cumulative impacts in 
the subwatershed area, as measured from the project site downstream to a natural creek confluence, 
would not increase the composite impervious area in the subwatershed to more than 10 percent. 


If the potential cumulative impacts in the subwatershed areas would result in an impervious area percentage 
greater than 10 percent, then the 3-inch minimum orifice size waiver would not be granted.  
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Appendix A:  Assumed Water Movement 
Hydraulics for Modeling BMPs 


 


At minimum, each BMP consists of a reservoir for surface water storage, an overflow 
outlet and a soil medium.  In general, runoff flows into the surface storage reservoir and 
either infiltrates into the soil or flows through the overflow outlet structure.   


Water that does not overflow the surface-storage reservoir infiltrates into the top soil 
medium and is stored as soil water.  Once in the soil, water percolates downward at a 
rate that is dependent on the soil moisture content, the hydraulic properties of the soil 
and the boundary conditions of the soil layer. 


Many BMPs also include a gravel or aggregate layer below the upper soil layer.  
Similarly, the rate at which water percolates downward through the gravel/aggregate 
layer is dependent on the soil moisture content, the hydraulic properties of the soil and 
the boundary conditions.  The lower boundary is often controlled using an underdrain 
with an orifice outlet. 


The following sections describe the theoretical relationships used to develop the 
FTABLEs for HSPF modeling of the BMPs.  The first four sections of this appendix 
describe the discharge equations used for each of three overflow outlet types and the 
underdrain orifice: 


 Circular Overflow Outlet, 


 Straight, Sharp-crested Weir, 


 V-notch Weir, 


 Underdrain Orifice. 


The last three sections describe infiltration, soil water storage and soil water movement. 


Circular Overflow Outlet 


A circular overflow outlet is basically a vertical pipe with a horizontal opening set to a 
specific height.  This type of outlet is used for bioretention and the flow-through planter 
BMPs. Hydraulically, this is sufficiently similar to the overflow gate and weir designs 
shown in the Countywide SUSMP.  


Outflow control conditions vary as head over the pipe opening increases.  As the water 
level begins to rise above the opening the pipe acts as a circular weir and flow is crest-
controlled.  As the head over the opening increases the flow condition transitions to 
become orifice-controlled and eventually pipe-controlled (the pipe flows full).   


Under crest-controlled conditions outflow is calculated using a modified weir equation: 


2/32 HRCQ d      Equation 1 
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Where Q = outflow in cfs, Cd = discharge coefficient, R = pipe radius in ft, and H = the 
head over the crest in ft. 


The discharge coefficient for crest-controlled flow is highly variable depending on the 
head over the crest, the radius of the circular weir, and the ratio of the inlet height to 
radius.  USBR (1987) published a series of curves that are used to determine the 
appropriate discharge coefficient for each water surface level. 


Straight Sharp-crested Weir 


A second type of overflow outlet is a straight sharp-crested weir.  A sharp-crested weir 
is used to control overflow in a vegetated/grassy swale.  The following weir equation is 
used to calculate overflow discharge:       


2/3LHCQ d       Equation 2 


Where Q = outflow in cfs, Cd = discharge coefficient, L = weir length in ft and H = head 
over the weir crest in ft.  The weir coefficient is assumed to be 3.10 for straight sharp-
crested weirs. 


V-notch Weir 


In some cases a v-notch is added to the overflow weir.  A v-notch weir is incorporated 
into the overflow weir of the vegetated bioswale with check dams.  The flow through 
the v-notch is calculated using the following equation. 


2/5


2
tan HCQ d


     Equation 3 


Where Q = outflow in cfs, Cd = discharge coefficient, = angle of the v-notch, and H = 
head over the weir crest in ft.   The v-notch is assumed to be 90 degrees and the weir 
coefficient was assumed to be 2.55. 


Underdrain Outlet 


The perforated pipe of lateral underdrains is assumed to be sufficiently large as to not 
limit the flow into the drain.  Drain outflow is limited by single orifice at the end of the 
drain pipe.  Outflow through this orifice was calculated using the orifice equation: 


  gHACQ d 2      Equation 4 


Where Q = outflow, Cd = discharge coefficient, A = area of the orifice, g = gravitational 
constant, H = head over the centerline of the orifice.  The discharge coefficient is 
assumed to be 0.6 in all cases. 


Infiltration 


Infiltration is the process of water penetrating from the ground surface into the soil 
(Chow et al. 1988).  Many factors influence the rate of infiltration including ground 
cover, soil hydraulic properties and soil moisture.  As water infiltrates into the soil the 
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soil moisture and hydraulic gradient change.  As a result the infiltration rate itself 
changes over time.  This non-linear relation is given by Richard’s equation, which is the 
governing equation for unsteady unsaturated flow in a porous medium.  Eagleson 
(1970) presents Richard’s equation in its one-dimensional form: 


  K
z


D
zt


.     Equation 5 


Where D = diffusivity, K = hydraulic conductivity, q = soil moisture content, z = 
elevation and t = time.   


Numerous equations have been developed as approximate solutions to Richard’s 
equation.  Eagleson (1970) shows that Horton’s equation is derived from Richard’s 
equation by assuming D and K are constants independent of soil moisture: 


  
kt


cc effftf 0)( .    Equation 6 


Where, f0 = initial infiltration rate, k = decay constant and fc = final constant infiltration 
rate.  Using Horton’s approximate solution we can see how infiltration rate changes 
over time.   


 


 Figure B1– Horton’s Equation for Infiltration (graphs from Chow et al. 1988) 


We can see from Figure B1 that infiltration begins at a very high rate due to the high 
matric potential in a dry soil and decreases exponentially as the soil becomes saturated, 
matric potential becomes insignificant and gravity governs the hydraulic gradient.  
Thus the infiltration rate approaches a steady-state final rate that approximately 
corresponds to the saturated hydraulic conductivity of the soil.   


After water has been infiltrated into the soil the movement of water through the soil is 
termed percolation.  The rate of percolation can be calculated using Darcy’s Law (see 
Soil Water Movement Section).   


Horton’s equation showed that the potential infiltration rate of water into the soil 
always exceeds the saturated hydraulic conductivity of the soil.  Conversely, the 
percolation rate of soil water is limited by the saturated hydraulic conductivity of the 
soil.  Therefore, it is reasonable to assume that the potential infiltration rate is always 
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greater than the percolation rate, and that the percolation rate will limit the flow rate 
through the soil layer.     


Water Storage 


The amount of water stored in soils (soil moisture) is expressed as a dimensionless ratio 


called the volumetric water content, :  For any given water content the total volume of 


water stored in the soil, Vwater, is equal to the volumetric water content ( ) times the total 
volume of soil, Vtotal.   


total


water


V


V
      Equation 7 


The total void space within a soil is the porosity, .  Soil is saturated when the 
volumetric water content is equal to the porosity. 


Some voids do not actively store and convey water.  The void space within the soil that 


is hydrodynamically effective is called the effective porosity, e.  The difference between 


the total porosity and the effective porosity is known as the residual water content, r.  
Maidment (1993) provides typical porosity, effective porosity and residual water 
content values by soil texture (see Table B1).   


Table B1– Soil Porosity, Effective Porosity and  


Residual Water Content by Soil Texture (Maidment, 1993) 


Soil Type 
Porosity Effective 


Porosity 
e 


Residual 
Water 


Content 
r 


GRAVEL1 0.420 0.415 0.005 
SAND 0.437 0.417 0.020 
LOAMY SAND 0.437 0.401 0.035 
SANDY LOAM 0.453 0.412 0.041 
LOAM 0.463 0.434 0.027 
SILT LOAM 0.501 0.486 0.015 
SANDY CLAY LOAM 0.398 0.330 0.068 
CLAY LOAM 0.464 0.390 0.075 
SILTY CLAY LOAM 0.471 0.432 0.040 
SANDY CLAY 0.430 0.321 0.109 
SILTY CLAY 0.479 0.423 0.056 
CLAY 0.475 0.385 0.090 


1 – Values for gravel were obtained from Fayer (1992) as presented in INEEL (2002). 


Porosity, effective porosity and residual water content values by hydrologic soil group 
were obtained for this project by assuming each group corresponds with a specific soil 
texture.   


 Group A → Sand 


 Group B → Loam 


 Group C → Sandy Clay Loam 
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 Group D → Clay 


These assumptions were based on the hydrologic soil group descriptions provided by 
NRCS (2001).  Table B2 provides the assumed porosity, effective porosity and residual 
water content values by hydrologic soil group. 


Table B2 – Soil Porosity, Effective Porosity and Residual Water Content by Hydrologic Soil Group 


Soil Type 
Porosity Effective 


Porosity 
e 


Residual 
Water 


Content 
r 


HYDROLOGIC SOIL GROUP: A 0.437 0.417 0.020 
HYDROLOGIC SOIL GROUP: B 0.463 0.434 0.027 
HYDROLOGIC SOIL GROUP: C 0.398 0.330 0.068 
HYDROLOGIC SOIL GROUP: D 0.475 0.385 0.090 


 


Soil Water Movement 


Darcy’s Law is used to calculate the rate of water movement through a porous medium: 


z


h
Kq       Equation 8 


Where q = Darcy flux, K = hydraulic conductivity of the porous medium, h = total 


hydraulic head, and z = elevation.  The total head, h, is the sum of the matric head, , 
and the gravity head, z (velocity head is negligible): 


zh  .      Equation 9 


Assuming flow only in the vertical direction and substituting for h, Equation 1 becomes: 


  
dz


zd
Kq


)(
 .     Equation 10 


The matric potential within a soil varies greatly with soil moisture.  The relation 
between matric potential and soil moisture for a specific soil is known as the water-
retention characteristic of that soil.  Figure B2 shows some examples of typical water-
retention curves for soils of various textures. 
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Figure B2 – Typical water retention curves (graph from Maidment, 1993) 


Several equations have been developed to approximate water-retention relationships 
based on the physical characteristics of the soil.  One such equation was developed by 
van Genuchten (1980): 


  


m


n


r


r


1


1
    Equation 11 


Where the constants , n and m are given by: 


  
1


bh       Equation 12 


  1n       Equation 13 


  
1


m  .      Equation 14 


The bubbling pressure head, hb, and pore-size index, , are soil-specific parameters.  
Maidment (1993) provides typical bubbling pressures and pore-size index values by soil 
texture (see 
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Table B3).   
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Table B3 – Bubbling Pressure and  


Pore-size Index by Soil Texture (Maidment, 1993) 


Soil Type 
Bubbling 


Pressure (cm) 
hb 


Pore-size 
Distribution  


 


GRAVEL1 0.20 1.190 
SAND 7.26 0.694 
LOAMY SAND 8.69 0.553 
SANDY LOAM 14.66 0.378 
LOAM 11.15 0.252 
SILT LOAM 20.76 0.234 
SANDY CLAY LOAM 28.08 0.319 
CLAY LOAM 25.89 0.242 
SILTY CLAY LOAM 32.56 0.177 
SANDY CLAY 29.17 0.223 
SILTY CLAY 34.19 0.150 
CLAY 37.30 0.165 


1 – Values for gravel were obtained from Fayer (1992) as presented in INEEL (2002). 


As discussed previously, soil properties were assigned to hydrologic soil groups based 
on soil textures.  Table B4 provides the bubbling pressure and pore-size index values by 
hydrologic soil group. 


Table B4 – Bubbling Pressure and Pore-size Index by Hydrologic Soil Group 


Soil Type 
Bubbling 


Pressure (cm) 
hb 


Pore-size 
Distribution  


 


HYDROLOGIC SOIL GROUP: A 7.26 0.694 
HYDROLOGIC SOIL GROUP: B 11.15 0.252 
HYDROLOGIC SOIL GROUP: C 25.89 0.242 
HYDROLOGIC SOIL GROUP: D 37.30 0.165 


Hydraulic Conductivity, K, is also dependent on soil moisture.  Van Genuchten (1980) 
also developed a relationship to approximate the hydraulic conductivity of soils based 
on soil properties: 


  


2
/12/1


11
)(


m
m


r


r


r


r


sK


K
 . Equation 15 


Saturated hydraulic conductivity, Ks, is a measure of a saturated soil’s ability to transmit 
water along a hydraulic gradient.  This value is highly variable in field conditions; 
however, Maidment (1993) does provide estimates of saturated hydraulic conductivity 
by soil texture (see 
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Table B5). 
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Table B5 – Saturated Hydraulic Conductivity by Soil Texture (Maidment, 1993) 


Soil Type 


Saturated 
Hydraulic 


Conductivity 
(cm/hr) 


Ks  


GRAVEL1 1260 
SAND 23.56 
LOAMY SAND 5.98 
SANDY LOAM 2.18 
LOAM 1.32 
SILT LOAM 0.68 
SANDY CLAY LOAM 0.3 
CLAY LOAM 0.2 
SILTY CLAY LOAM 0.2 
SANDY CLAY 0.12 
SILTY CLAY 0.1 
CLAY 0.06 


1 – Values for gravel were obtained from Fayer (1992)  
as presented in INEEL (2002). 


As discussed previously, soil properties were assigned to hydrologic soil groups based 
on soil textures.  Table B6 provides the saturated hydraulic conductivity by hydrologic 
soil group. 


Table B6 – Saturated Hydraulic Conductivity by Hydrologic Soil Group 


Soil Type 


Saturated 
Hydraulic 


Conductivity 
(cm/hr) 


Ks 


HYDROLOGIC SOIL GROUP: A 23.56 
HYDROLOGIC SOIL GROUP: B 1.32 
HYDROLOGIC SOIL GROUP: C 0.20 
HYDROLOGIC SOIL GROUP: D 0.06 


Figure B3(a) shows a plot of the van Genuchten relationships using the soil properties 
assumed for a loamy sand soil.  Figure B3(b) is a graph from Chow et al. (1988) that 
shows the typical variation of matric head and hydraulic conductivity based on 
experimental data for an example soil.   
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Figure B3 - (a) variation of matric head and hydraulic conductivity for a loamy sand using van Genuchten 


relations, (b) example provided in Chow et al. (1988) 


 


The van Genuchten relations were used to calculate the matric head and hydraulic 
conductivity for a given soil moisture content.  These results were then used in the 
Darcy equation to compute the flow through the soil.  Calculated over a range of soil 
moisture contents, a table can be created relating soil water storage and flow through 
the soil layer. 
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Subject:  Selection of PERLND Parameters for HSPF Modeling 


Date:  April 23, 2010 


To:  Sara Agahi, San Diego County 


From:  Tony Dubin, Brown and Caldwell 
Eric Mosolgo, Brown and Caldwell 


 


This memorandum presents the HSPF PERLND parameters recommended for the San Diego HMP’s Best 
Management Practice (BMP) sizing analysis. These parameter values will be used in HSPF to simulate runoff 
rates and other hydrologic processes across a range of pervious surface conditions. The resulting long-term 
runoff time series (and key statistical series computed from these time series) will form the pre-project 
condition baseline that new and redevelopment projects must match by mitigating site runoff rates and 
durations through the use of BMPs.  


This memo is organized as follows:  


Section 1 defines a PERLND and describes how HSPF simulates water movement on and through 
pervious surfaces. 


Section 2 describes the published studies using HSPF that were reviewed for this project.  


Section 3 summarizes the available PERLND parameter sets that were reviewed.  


Section 4 describes how Brown and Caldwell (BC) tested various parameter values to identify 
sensitive parameters and examined how the selection of specific parameter values would affect the 
runoff time series.  


Section 5 presents conclusions and recommendations.  


1. PERLND Description and Schematic 


The PERLND block within the HSPF input file contains parameters that affect the vertical and lateral 
movement of water moisture through a pervious land segment. Figure 1 is a schematic view of the PERLND 
water budget terms and key HSPF parameters. The schematic illustrates the movement of water among 
interception storage, upper zone storage, lower zone storage, groundwater storage, and deep/inactive 
groundwater storage. The schematic also illustrates flux terms, such as overland flow and interflow.   
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The algorithms that control the movement among these storage layers are described thoroughly in the HSPF 
User’s Manual, which is available from the US EPA as part of the BASINS documentation 
(http://www.epa.gov/waterscience/basins/bsnsdocs.html). The parameters listed in Figure 1 are described in 
greater detail in Section 1.1.  


 


FIGURE 1 


HSPF PERLND Water Moisture Schematic (Adapted from HSPF User’s Manual) 


 


1.1 PERLND Characteristics 


The PERLND parameters shown in Figure 1 are located in the PWATER section of the PERLND block. 
PWATER, in turn, is divided into four sections, titled PWAT-PARM1, PWAT-PARM2, PWAT-PARM3, and 
PWAT-PARM4.   


 PWAT-PARM1 is a series of flags that specify how various algorithms are to be used to compute 
hydrologic functions.  


 PWAT-PARM2, PWAT-PARM3 and PWAT-PARM4 contain a series of climate, geology, 



http://www.epa.gov/waterscience/basins/bsnsdocs.html
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topography, and vegetation parameters and initial conditions.  


Table 1 contains brief descriptions of the HSPF parameters used to characterize pervious land surfaces, along 
with commonly used ranges of values for these parameters. The parameters that often affect stormwater 
runoff most (INFILT, LZSN, LZETP) are highlighted in the table below. These highlighted parameters were 
the focus of our investigation of the range and variation among local HSPF studies and our testing of 
prospective parameters. The descriptions and parameter ranges in the table were adapted from EPA BASINS 
Technical Note 6 – Estimating Hydrologic and Hydraulic Parameters for HSPF (Technical Note 6), which is available 
from the EPA web site, http://www.epa.gov/waterscience/basins/bsnsdocs.html.  


 
TABLE 1 


List of PERLND PWATER Parameters, Definitions and Common Range of ValuesA 


PWAT-PARM1 – Flags 


Parameter Units Description Range of Values 


CSNOFG None 
Flag to use snow simulation data; must be set to if the SNOW simulation algorithms are to 
be used. 


0 or 1 


RTOPFG None 
Flag to select overland flow routing method. Set TOPFG=1; This method has been 
subjected to more widespread application. 


1 


UZFG None 
Flag to select upper zone inflow computation method Set UZFG=1; This method has been 
subjected to more widespread application. 


1 


VCSFG None 
Flag to select constant or monthly-variable interception storage capacity, CEPSC. Monthly 
value can be varied to represent seasonal changes in foliage cover 


0 or 1 


VUZFG None 
Flag to select constant or monthly-variable upper zone nominal soil moisture storage, 
UZSN.   


0 or 1 


VMNFG None Flag to select constant or monthly-variable Manning=s n for overland flow plane, NSUR.  . 0 or 1 


VIFWFG None 
Flag to select constant or monthly-variable interflow inflow parameter, INTFW. Monthly 
values are not often used. 


0 or 1 


VIRCFG None 
Flag to select constant or monthly varied interflow recession parameter, IRC. Monthly 
values are not often used. 


0 or 1 


VLEFG None 
Flag to select constant or monthly varied lower zone evapotranspiration (ET) parameter, 
LZETP.  


0 or 1 


PWAT-PARM2 


Parameter Units Description Range of Values 


FOREST None 
Fraction of land covered by forest that will continue to transpire in winter (i.e. coniferous). 
This is only relevant if snow is being considered (i.e., CSNOFG=1 in PWATER-PARM1). 


0 to 0.95 


LZSN Inches 
Lower zone nominal soil moisture storage. This parameter affects the proportion of 
water going to surface runoff, interflow and active groundwater 


2 to 15 


INFILT in/hr 
INFILT is the parameter that controls the overall division of the available moisture 
from precipitation (after interception) into surface runoff. This is NOT equivalent to 
a field-measured infiltration rate.  


0.001 to 0.50 


LSUR Feet 
Length of assumed overland flow plane. LSUR approximates the average length of travel 
for water to reach any drainage path such as streams, swales, ditches, etc.  


Estimate from 
mapping or GIS 


SLSUR ft/ft 
Average slope of assumed overland flow path. Average SLSUR values for each land use 
being simulated can often be estimated directly with GIS capabilities. 


Estimate from 
mapping or GIS 


KVARY 1/inches 
Groundwater recession flow parameter used to describe non-linear groundwater recession 
rate 


0.0 to 5.0 


AGWRC None 
Groundwater recession rate, or ratio of current groundwater discharge to that from 24 
hours earlier 


0.85 to 0.999 


PWAT-PARM3 


Parameter Units Description Range of Values 



http://www.epa.gov/waterscience/basins/bsnsdocs.html
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TABLE 1 
List of PERLND PWATER Parameters, Definitions and Common Range of ValuesA 


PETMAX Deg F Temperature below which ET will be reduced to 50% of that in the input time series 32 to 48 


PETMIN  Deg F 
Temperature at and below which ET will be zero.  PETMIN represents the temperature 
threshold where plant transpiration is effectively suspended 


30 to 40 


INFEXP None 
Exponent that determines how much a deviation from nominal lower zone storage affects 
the infiltration rate. This parameter is commonly set to a value of 2. 


1 to 3 


INFILD None 
Ratio of maximum and mean soil infiltration capacities. This parameter is commonly set to 
a value of 2.  


1 to 3 


DEEPFR None 
The fraction of infiltrating water that is lost to deep/inactive aquifers with the remaining 
fraction assigned to active groundwater storage that contributes base flow to the stream.  


0.0 to 0.5 


BASETP None 
ET by riparian vegetation as active groundwater enters streambed; specified as a fraction 
of potential ET, which is fulfilled only as outflow exists. 


0.0 to 0.2 


AGEWTP None 
Fraction of PERLND that is subject to direct evaporation from groundwater storage, e.g. 
wetlands or marsh areas. 


0.0 to 0.2 


PWAT-PARM4 


Parameter Units Description Range of Values 


CEPSC inches 
Amount of rainfall, in inches, which is retained by vegetation, never reaches the land 
surface, and is eventually evaporated. 


0.01 to 0.40 


UZSN inches 
Nominal upper zone soil moisture storage. UZSN is related to land surface characteristics, 
topography, and LZSN. 


0.05 to 2.0 


NSUR None Manning’s friction coefficient, n, for overland flow plane.  0.02 to 0.50 


INTFW None 
Coefficient that determines the amount of water that enters the ground from surface 
detention storage and becomes interflow 


1.0 to 10.0 


IRC None 
Interflow recession coefficient IRC is the ratio of the current daily interflow discharge to the 
interflow discharge on the previous day. 


0.3 to 0.85 


LZETP None 
Index to lower zone evapotranspiration LZETP affects ET from the lower zone, 
which represents the primary soil moisture storage and root zone of the soil profile. 


0.1 to 0.9 


A. The parameter descriptions and ranges were obtained from the EPA BASINS Technical Note 6.  


 


2. Available Studies and HSPF Parameter Sources 


Brown and Caldwell collected and examined published Southern California studies that used HSPF to 
perform hydrologic modeling. We previously summarized this effort in the technical memorandum entitled 
Summary of HSPF Modeling Reports in Southern California, dated May 2009. Whenever possible, we also collected 
the HSPF input files that were used in these studies. We examined studies of the following models and study 
areas:  


 Santa Monica Bay Watershed - The Southern California Coastal Water Research Project 
(SCCWRP) and Tetra Tech created HSPF models to simulate hydrologic processes and pollutant 
loadings to Santa Monica Bay. The specific parameter values were selected by calibrating an HSPF 
model to flow monitoring data in the Santa Monica Bay watershed, specifically on Malibu Creek.  
The values represent a composite of the various upstream soils and land uses.  


 Calleguas Creek - This project was a pilot study to evaluate the use of HSPF as a management tool 
for comprehensive watershed assessment within the climatic, physiographic, and topographic 
conditions of Ventura County. The Calleguas Creek model, developed by Aqua Terra Consultants, 
simulates watershed hydrology using a combination of six different land use categories, topographic 
data and soils data.  
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 San Diego Hydrology Model (SDHM) - The San Diego Hydrology Model (SDHM) uses a 
graphical user interface and pre-selected HSPF parameters to simulate stormwater runoff from 
development sites and size stormwater control facilities to mitigate the impacts of land use changes. 
SDHM includes HSPF parameters for common soil and land use combinations. The SDHM user’s 
manual is available in the download section of Clear Creek Solutions’ web site, 
http://www.clearcreeksolutions.com/SearchResults.asp?Cat=17.  


We also examined other HSPF input sources for relevant information:  


 EPA BASINS Technical Note 6 - The EPA publication (July 2000) is a very useful guide that 
describes key HSPF parameters and suggests initial values.  This technical note provides BASINS 
users with guidance in how to estimate the input parameters in the ATEMP, SNOW, PWATER, 
IWATER, HYDR, and ADCALC portions of the HSPF model.  


 Western Washington Hydrology Model (WWHM) was developed by Clear Creek Solutions for 
the Washington Department of Ecology to size stormwater control facilities in western Washington. 
The model runs HSPF to generate over 40 years of hourly runoff data. The interface and range of 
input types are generally similar to the SDHM.  


 Calabazas Creek - In 1997, Aqua Terra Consultants used HSPF to study multipurpose design of 


detention facilities in Calabazas Creek watershed for the Santa Clara Valley Water District.  


3. Range of Available Southern California HSPF Parameters 


Brown and Caldwell has compiled and assessed the similarities and variations among the PERLND 
parameters used for the Santa Monica Bay, Calleguas Creek and SDHM work efforts. For reference, BC also 
compiled the parameters contained in EPA BASINS Technical Note 6, WWHM version 3, and the Contra 
Costa HMP. Table 2 lists the minimum, maximum and average values of the PERLND PWATER parameters 
for each study.  


It is difficult to make a direct comparison among the parameters used in previous studies, because these 
modeling efforts examined entire watersheds with varying levels of development, reservoirs and regulation, 
and water demands and usages. However, focusing on the general range of specific parameter can be 
informative. For example, the Santa Monica Bay and Calleguas Creek model files use generally similar values 
for the key parameters, such as INFILT and LZSN (lower zone storage nominal), while the Santa Monica 
study used a substantially higher value of LZETP (lower zone evapotranspiration potential). The SDHM, 
which specifies parameters for ranges of soils, land uses and slopes, has INFILT, LZSN and LZETP 
parameters that are in the same range as the Santa Monica Bay and Calleguas Creek models.  


 



http://www.clearcreeksolutions.com/SearchResults.asp?Cat=17
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TABLE 2 


  Compilation of PERLND Parameters 


 


  
Southern California HSPF Research General HSPF Research Contra Costa HSPF Research 


    
Santa 


Monica 
Bay 


Calleguas SDHM Tech Note 6 WWHM v.3 (moderate slopes) Calabazas Creek Contra Costa HMP 


  
 Value Min Max Avg Min Max Avg 


Typical  Full Range NRCS Group C NRCS Group A/B Developed  Open Space 
Min Max Avg 


    Min Max Min Max Forest Grass Pasture Forest Grass Pasture Min Max Min Max 


PWAT_PARM2 Units                                                 


FOREST none 0 0 0 0 N/A N/A N/A 0 0.5 0 0.95 N/A N/A N/A N/A N/A N/A 0 0 0 0 0 0 0 


LZSN inches 9.8 3 12.5 8.7 3.5 5.2 4.5 3 8 2 15 5 5 5 4.5 4.5 4.5 7 7 7 7 7 7 7 


INFILT in/hr 0.04 0.02 0.2 0.11 0.02 0.10 0.05 0.01 0.25 0.001 0.5 2 1.5 0.8 0.08 0.06 0.03 0.03 0.03 0.03 0.03 0.3 0.03 0.1595 


LSUR feet 201 150 400 319 200.0 400.0 312.5 200 500 100 700 400 400 400 400 400 400 200 250 150 200 660 660 660 


SLSUR ft/ft 0.03 0.00 0.30 0.11 0.1 0.3 0.1 0.01 0.15 0.001 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.0065 0.0533 0.068 0.28 0.1 0.1 0.1 


KVARY 1/inches 3.0 0.5 1 0.61 0.8 3.0 1.5 0 3 0 5 0.3 0.3 0.3 0.5 0.5 0.5 0 0 0 0 0 0 0 


AGWRC none 0.92 0.80 1.00 0.91 1.0 1.0 1.0 0.92 0.99 0.85 0.999 0.996 0.996 0.996 0.996 0.996 0.996 0.8 0.95 0.8 0.95 0.95 0.95 0.95 


PWAT_PARM3           
   


                                  


PETMAX (F) F 35 40 40 40 NA NA NA 35 45 32 48 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 40 40 40 


PETMIN (F) F 30 35 35 35.0 NA NA NA 30 35 30 40 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 35 35 35 


INFEXP none 2 2 2 2 2.0 3.0 2.3 2 2 1 3 2 2 2 2 2 2 2 2 2 2 2 2 2 


INFILD none 2 2 2 2 2.0 2.0 2.0 2 2 1 3 2 2 2 2 2 2 2 2 2 2 2 2 2 


DEEPFR none 0.4 0 0.8 0.67 0.0 0.0 0.0 0 0.2 0 0.5 0 0 0 0 0 0 0.1 0.45 0.1 0.45 0.45 0.1 0.275 


BASETP none 0.05 0 0.26 0.05 0.0 0.0 0.0 0 0.05 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 


AGWETP none 0.05 0 0 0 0.0 0.0 0.0 0 0.05 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 


PWAT_PARM4           
   


                                  


CEPSC inches 0.10 0.06 0.12 0.08 0.10 0.19 0.13 0.03 0.20 0.01 0.40 0.2 0.15 0.1 0.2 0.15 0.1 0.0 0.0 0.0 0.0 0.1 0.02 0.07 


UZSN inches 1.18 0.50 0.80 0.59 0.20 0.50 0.31 0.1 1 0.05 2 0.5 0.5 0.5 0.43 0.35 0.22 0.4 0.4 0.6 0.6 0.5 0.5 0.5 


NSUR none 0.20 0.15 0.25 0.18 0.20 0.35 0.27 0.15 0.35 0.02 0.5 0.35 0.3 0.25 0.35 0.3 0.25 0.1 0.2 0.4 0.4 0.3 0.3 0.3 


INTFW none 1.50 1.00 1.80 1.35 0.35 1.00 0.81 1 3 1 10 0 0 0 6 6 6 0.4 0.4 0.5 0.5 0.4 0.4 0.4 


IRC none 0.70 0.20 0.60 0.35 0.30 0.80 0.46 0.50 0.70 0.30 0.85 0.70 0.70 0.70 0.43 0.43 0.43 0.30 0.30 0.40 0.40 0.30 0.30 0.30 


LZETP none 0.70 0.40 0.50 0.43 0.20 0.69 0.51 0.20 0.70 0.10 0.90 0.70 0.40 0.25 0.70 0.40 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


 


 







 


 


7 


 


4. Evaluating HSPF Parameter Values 


To determine the mix of pre-project conditions to include in the BMP Sizing Calculator, Brown and Caldwell 
examined the extent of variation among the PERLND parameters among the Santa Monica Bay, Calleguas 
Creek, and SDHM models.  


Figures 2, 3 and 4 show the variation in the INFILT parameter used in the SDHM as function of slope and 
land cover. The INFILT parameter values clearly vary with slope. However, the INFILT parameter value is 
the same for the most common pre-project land cover types for new developments in San Diego County – 
shrub, grass, and dirt. The INFILT parameter value is higher for forest and lower for urban (i.e., compacted 
soils and irrigated landscapes), but these do not represent pre-project conditions that will be commonly 
managed by the BMP Sizing Calculator.  


 Since the INFILT parameters are identical across the three most common pre-project land cover 
types, the modeling effort will focus on a single composite land cover type.  


 The INFILT values vary significantly for different slopes. As such, parameter sets will be prepared 
for low, moderate, and steep slope classifications (5, 10 and 15 percent, respectively). In many cases, 
LID BMPs will not be feasible in areas with slopes that are steeper than this range. Further, because 
the pre-sizing analysis would potentially under-estimate pre-project runoff rates from very steep sites, 
any LID facilities designed in such areas using the BMP Sizing Calculator would be conservatively 
sized.  


 An urban parameter set is not needed for the BMP Sizing Calculator. The Countywide Model SUSMP 
encourages developers to manage runoff from landscaped surfaces using grading and soil 
amendments that emphasize infiltration to reduce site runoff from landscaped areas without 
implementing LID BMPs. An urban parameter set can be developed for the automated pond sizing 
tool, because ponds are expected to capture flows from a combination of impervious and urban 
landscaped surfaces.  


 
FIGURE 2 


  SDHM Variation in INFILT Parameter, NRCS Group A Soils 
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FIGURE 3 


SDHM Variation in INFILT Parameter, NRCS Group B Soils 


 


 


FIGURE 4 


  SDHM Variation in INFILT Parameter, NRCS Group C/D Soils 
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Figure 5, 6 and 7 show the SDHM model’s assumed variations in the LZSN parameter as a function of slope 
and land cover type. Similar to the INFILT evaluation above, LZSN values are identical for the most 
common land cover types that will be incorporated in the BMP Sizing Calculator. These figures further 
reinforce the intention to focus on a single composite land cover type, while focusing on the differences in 
runoff generation potential associated with different soils and slopes.  


 


 


FIGURE 5 


SDHM Variation in LZSN Parameter, NRCS Group A Soils 
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FIGURE 6 


  SDHM Variation in LZSN Parameter, NRCS Group B Soils 


 


 


FIGURE 7 


SDHM Variation in LZSN Parameter, NRCS Group C/D Soils 
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5. Recommended HSPF PERLND Parameters 


The following recommended HSPF PERLND parameter values have been developed to use for LID pre-sizing factor analysis that will be included in 
the BMP Sizing Calculator. The 12 parameter sets cover the four NRCS soil groups and three separate slopes. The precise values were obtained by 
combining the Santa Monica Bay, Calleguas Creek, and SDHM parameter sets.  


TABLE 3 


Recommended HSPF PERLND Parameters for BMP Modeling 


  
 


Group A Group B  Group C Group D  


  
 5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15% 


PWAT_PARM2 Units 


            FOREST None 0 0 0 0 0 0 0 0 0 0 0 0 


LZSN inches 5.2 4.8 4.5 5.0 4.7 4.4 4.8 4.5 4.2 4.8 4.5 4.2 


INFILT in/hr 0.090 0.070 0.045 0.070 0.055 0.040 0.050 0.040 0.032 0.040 0.030 0.040 


LSUR Feet 200 200 200 200 200 200 200 200 200 200 200 200 


SLSUR ft/ft 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15 0.05 0.1 0.15 


KVARY 1/inches 3 3 3 3 3 3 3 3 3 3 3 3 


AGWRC None 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 


PWAT_PARM3 
  


  
 


  
 


  
 


  PETMAX (F) F 35 35 35 35 35 35 35 35 35 35 35 35 


PETMIN (F) F 30 30 30 30 30 30 30 30 30 30 30 30 


INFEXP None 2 2 2 2 2 2 2 2 2 2 2 2 


INFILD None 2 2 2 2 2 2 2 2 2 2 2 2 


DEEPFR None 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 


BASETP None 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 


AGEWTP None 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 


PWAT_PARM4 
 


       
  


 
 


 CEPSC inches 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 


UZSN inches 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 


NSUR None 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 


INTFW None 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 


IRC None 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 


LZETP None 0.5  0.5  0.5  0.5  0.5  0.5  0.5  0.5  0.5  0.5  0.5  0.5  
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Limitations: 
This document was prepared solely for the County of San Diego in accordance with professional standards at the time the services were performed and in 
accordance with the contract between the County of San Diego and Brown and Caldwell. This document is governed by the specific scope of work authorized by 
the County of San Diego; it is not intended to be relied upon by any other party except for regulatory authorities contemplated by the scope of work.  


DRAFT TECHNICAL MEMO  


9665 Chesapeake Drive, Suite 201  
San Diego, CA. 92123 
Tel: 858-514-8822 
Fax: 858-514-8833  


Project No:   133904 
 


San Diego Hydromodification Management Plan 


 


Subject:  Responses to Comments on HMP Modeling Approach and BMP Configurations 


Date:   April 23, 2010 


To:   Sara Agahi, P.E. – County of San Diego   


From:   Eric Mosolgo, P.E. – Brown and Caldwell 
 Tony Dubin, P.E. – Brown and Caldwell 


 


This draft technical memorandum summarizes the review comments received regarding the HMP 
Modeling Approach and BMP Configurations Draft Technical Memorandum (dated March 2, 2010) and 
Brown and Caldwell’s (BC’s) responses to these comments.  


Review comments were received from the following groups:  


 San Diego County Flood Control - Anthony Barry 


 Clear Creek Solutions - Doug Beyerlein and Joe Brascher 


 West Consultants - Marty Teal 


 Hunsaker & Associates - Luis Parra 


Table 1 below provides a summary of each comment, the corresponding page location from the originial 
Draft Technical Memorandum, and Brown and Caldwell’s response. 
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No. Reviewer Page Comment Response 


1 
Anthony Barry, 


San Diego 
County 


7 


It is mentioned on page 7 that the vegetation types are 
not “sufficiently variable among developable lands to 
require separate scenarios”. This statement should be 
further justified in a manner similar to the effects of 
porosity in the last bullet on page 8.  


We made the decision to focus on one land cover type for 
the following reason:  
1) We assume the vast majority of projects regulated by the 
HMP flow control standard will be in previously 
undeveloped areas with scrub vegetation. Conversely, 
many of the areas with “landscape/grass” as a pre-project 
land cover may not be covered by the flow control 
requirements, because these projects would be small or 
located in urban areas that qualify for some type of 
exemption.  
2) We examined the range HSPF PERLND parameter 
values used in previous Southern CA studies and values 
included in the SDHM software – in particular the INFILT 
parameter. The parameter values were less variable for 
different land cover types than we expected, and this 
makes it likely that the variation in land cover type would 
have little impact on the computed LID BMP sizes.  
3) The modeling “pre-sizing” analysis used to compute the 
sizing factors for the Sizing Calculator requires us to 
constrain or limit the variability of input parameters as much 
as possible. Because scrub/shrub vegetation will be 
encountered in most of the development projects, we think 
this is a good place to start with HSPF simulations and the 
Sizing Calculator. The County and its Copermittees could 
add more land cover types, BMPs or other features in V2.0 
of the Sizing Calculator.  
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No. Reviewer Page Comment Response 


2 
Anthony Barry, 


San Diego 
County 


11 


Is the BMP area discussed in the second paragraph of 
Section 3.1.2 considered to be pervious area in the 
modeling?  If so, and alterations to the standard 
(modeled) design are allowed (as suggested in the last 
paragraph on page 12), the depth of a BMP could be 
increased and the plan area decreased.  This could 
allow an increase in the actual impervious area above 
what was considered in the modeling, without requiring 
the appropriate increase in required BMP volume. 
 
FOLLOW-UP COMMENT:  After reviewing the response 
to my second comment (#2 on Page 3 of the response 
document) and looking back at the Modeling Approach, I 
discovered that the BMP area is modeled as being 
pervious as outlined in the 5th bullet on page 8 (of the 
document dated March 2, 2010), which states that there 
is flow out of the bottom of the basin (percolation) equal 
to the rate of hydraulic conductivity.  It seems logical 
that significant reductions in the BMP area would also 
significantly reduce the area available for this outflow, 
and thereby increase the necessary volume.  If this were 
not the case you would have to wonder if the percolation 
has any effect at all, and if it doesn’t, why is it included 
in the modeling? 
 


The BMPs are modeled using “FTABLEs” in HSPF, which 
detail stage-area-volume-discharge relationships. The model 
allows rainfall to occur directly on the BMP (as would happen 
in real life). The Sizing Calculator contains a “check” to 
ensure that the total contributing watershed area to the 
mitigation facility plus the mitigation facility area equates to 
the total project area. If a development engineer 
incorporates a narrow/deep ponding layer, the computed 
drainage management area (DMA) tributary to the BMP 
must accurately reflect the entire paved area draining to the 
BMP. We suggest allowing development engineers to vary 
the configuration of the surface ponding layer to better fit site 
constraints (e.g., wider/shallower to limit trip hazards; 
narrower/deeper to limit at-grade footprint). However, the 
sizing factor is based on the plan area of the growing 
medium underneath. For the Contra Costa HMP, we tested 
the sensitivity of BMP sizes to different ponding layer 
configurations and found that as long as the recommended 
volume is provided, wide/shallow, deep/narrow surface 
ponding layer configurations performed similarly enough not 
to impact BMP sizing factors.  
 
RESPONSE TO FOLLOW-UP COMMENT: As discussed by 
phone, all of the infiltration that occurs beneath the BMP is 
managed in the FTABLE (see Q Perc column in Figure 5), 
and not through the hydrologic elements of the HSPF model. 


3 
Anthony Barry, 


San Diego 
County 


17 


If vegetated bioswales are for water quality only, and do 
not provide flow control (as mentioned on page 17), why 
are they being included?  Details on how to design a 
vegetated swale are covered in the CASQA BMP 
handbook. 


This “treatment only” option has been proposed in response 
to a request from the Copermittees. The Sizing Calculator 
will allow users to size BMPs to meet either the “water 
quality treatment only” OR “flow control + treatment” 
requirement. The vegetated bioswale option will only be 
available as a selection in the Sizing Calculator if the user 
chooses “water quality treatment only” as the project design 
goal.  
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No. Reviewer Page Comment Response 


4 


Doug Beyerlein,  
Joe Brascher; 
Clear Creek 


Solutions 


7 


Only one land cover vegetation type is offered: scrub, 
shrub.  Different vegetation types change the pre-
development runoff.  The user should be given more 
vegetation type options. 


See response to comment #1. 


5 


Doug Beyerlein,  
Joe Brascher; 
Clear Creek 


Solutions 


7 


The sizing calculator assumes no increase in pervious 
runoff with development. Runoff from pervious surfaces 
can and does increase with development due to soil 
compaction from construction activities, the replacement 
of native vegetation with urban vegetation, and the 
addition of irrigation.  These effects should be included 
in the sizing of BMP facilities. 


The Countywide Model SUSMP adequately addresses this 
issue with its requirements for managing runoff from 
developed/pervious areas. For example, the SUSMP directs 
project proponents to control pervious runoff as much as 
possible using grading patterns, soil amendments, etc., so 
that these areas do not contribute runoff to paved areas and 
do not increase overall site runoff (relative to pre-project 
conditions). If a pervious area does drain to a paved area, 
and then into a BMP, this area must be accounted for within 
the Sizing Calculator to ensure the BMP is appropriately 
sized.  


6 


Doug Beyerlein,  
Joe Brascher; 
Clear Creek 


Solutions 


N/A 


The HSPF parameter values selected for the BMP 
sizing calculator are critical in the computation of the 
existing and development runoff and the sizing of BMP 
facilities.  However, we have had no opportunity to 
review and comment on these parameter values.  


We will issue a separate technical memorandum detailing 
the selection of HSPF model parameters.  


7 


Doug Beyerlein,  
Joe Brascher; 
Clear Creek 


Solutions 


N/A 


We have had no opportunity to review and comment on 
the HSPF FTABLEs used to represent different BMP 
facilities nor their associated HSPF UCI files.  Nor have 
we had the opportunity to review and comment on the 
assumptions used in the construction of the HSPF 
FTABLEs and UCI files that produce the facility sizing 
results reported by the BMP sizing calculator.  


The soil physics and key assumptions used to route water 
through the BMPs are described in Appendix A. This will be 
distributed to the TAC.  


8 
Marty Teal, 


West 
Consultants 


2 
Will it be obvious which of the various lower control 
threshold values someone is supposed to use/analyze? 


Yes. The critical flow calculator allows a project proponent to 
determine which lower control threshold will apply to a 
specific project site. The critical flow calculator will be 
included in the overall BMP Sizing Calculator.  


9 
Marty Teal, 


West 
Consultants 


2 
Will the Sizing Calculator automatically determine/report 
whether a proposed BMP will meet the peak flow and 
flow duration performance requirement?  


Yes. The Sizing Calculator will compute and report a BMP’s 
minimize required size to meet the HMP stormwater control 
performance requirements.  
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No. Reviewer Page Comment Response 


10 
Marty Teal, 


West 
Consultants 


8 


Page 8 states, “Infiltration and soil water movement is a 
1-dimensional flux in the vertical direction (neglecting 
lateral flows is a conservative assumption).” Why is 
neglecting lateral flows a conservative assumption? 


If we assumed water would move laterally out of the BMP, 
the BMP would have a higher capacity to capture and 
mitigate stormwater flows.  


11 
Luis Parra, 
Hunsaker 


7 


The model does not include enough variability of 
vegetation cover to characterize the expected variation 
on infiltration. Among the most important vegetation type 
excluded, grass in fair to good condition comes to mind, 
as many of the developed areas will occur in this type of 
existing vegetation. 


See response to comment #1.  


12 
Luis Parra, 
Hunsaker 


9 


Figure 3 is wrong and does not correspond with the one 
presented in page 78 of the Countywide Model SUSMP. 
The French drain should be placed on top, with only few 
inches on gravel above the top of the pipe, and the 
gravel below. This way, water retained below the French 
drain will be incorporated into the underground media. 


Figure 3 was included simply to describe the function of LID 
BMPs. It could be replaced with Figure 6, which is consistent 
with the Countywide Model SUSMP.  


13 
Luis Parra, 
Hunsaker 


9-11 


As the hydraulic conductivity of the amended soil is the 
flow constraining factor (and less than the conductivity 
of the gravel) the only way that gravel on top makes 
sense is if an orifice constraining the flow in the French 
drain is used. This aspect, however, does not exclude 
the possibility of having some retention below the 
French drain. For instance, in a soil Type D with a 
hydraulic saturated conductivity of 0.1 in/hr, the 
equivalent of 7.2 in of ponding can be placed below the 
invert elevation of the French drain. With an assumed 
porosity of 0.4, this corresponds to an additional 
retention depth of 18” below the French drain. The 
model should allow retention as a function of the 
hydraulic conductivity of the bottom soil. 


The gravel layer is proposed below the amended soil layer. 
We will follow up with reviewer to clarify this comment.  
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No. Reviewer Page Comment Response 


14 
Luis Parra, 
Hunsaker 


N/A 


Water table constraints should be included in the model. 
For example, it should be recommended that the water 
table must be at a given depth below the bottom of the 
gravel to be sure that the vertical assumption is valid. 


The Countywide Model SUSMP describes specific site 
conditions that affect the feasibility of LID BMPs (e.g., steep 
slopes, high groundwater). Furthermore, the HMP Decision 
Matrix requires applicants to complete a geotechnical 
investigation which would identify such design constraints. A 
project applicant would first need to determine whether these 
constraints apply. If not, the project proponent could use the 
Sizing Calculator to plan BMPs. The Sizing Calculator will 
not apply in high groundwater conditions.  


15 
Luis Parra, 
Hunsaker 


9 


It is not clear to me if growing medium as a maximum 
limit of 1.5 ft. The user should be able to increase this 
depth. As a matter of fact, the Maryland Manual (the one 
that initiated the bio-retention revolution) suggests using 
at least 2 ft of amended soil. The user should have the 
option to increase this depth up to 3-4 ft. 


A project proponent could specify a deeper growing medium. 
However, to pre-size BMPs for the Sizing Calculator we 
need to limit the number of potential BMP configurations. 
Other design scenarios can be modeled through the 
preparation of continuous simulation hydrologic models such 
as HSPF. 


16 
Luis Parra, 
Hunsaker 


9 
Van Genuchen relations are mentioned in page 9 but 
never shown. 


The Van Genuchten relations are included in Appendix A. 
This document will be distributed to the reviewers and the 
TAC.  


17 
Luis Parra, 
Hunsaker 


9-10 


Neglecting lateral percolation and limiting infiltration to 
the saturated hydraulic conductivity of the existing soil is 
a reflection of simplicity and building upon conservative 
assumptions rather than a reality. Also neglecting the 
influence of the water pressure of the gravel in the 
infiltration occurring at the bottom soil is another 
conservative assumption not discussed. I would suggest 
to allow for adding an increase infiltration dimensionless 
factor if measurements demonstrate that the discharge 
is actually much less than what the model predicts. 


The conservative assumptions detailed in the HMP Modeling 
Approach memo serve as a hedge against real-world 
installation problems, occasional BMP failures, etc., so that 
the integrated effectiveness of distributed BMP performance 
is consistent with the requirements of the NPDES permit. 
The accuracy of the sizing factors will be measured by the 
Copermittees’ monitoring program, which will be conducted 
over the ensuing 5 years and beyond. If the monitoring 
results indicate deviations from the sizing factor predictions, 
then adjustments to the sizing factors will be proposed.  
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No. Reviewer Page Comment Response 


18 
Luis Parra, 
Hunsaker 


12 


The user should have flexibility to determine design 
parameters of the bio-retention: ponding depth (it can be 
more than 10 inches, no reason why this has to be the 
limit); growing medium (it can be more than 18” and as a 
matter of fact many references recommend at least 2 to 
3 ft); storage layer: it can be more than 30” and it is 
associated with the possibility of the Bio-retention to be 
able to drain in 72 hrs. Also remember the possibility to 
add gravel below the invert of the French drain for 
retention purposes and groundwater recharge purposes. 


Regarding ponding depth comment: The selection of a 
maximum ponding depth is a policy decision. Because 
bioretention is often installed in pedestrian-friendly areas, 
these systems often have limited ponding depth to eliminate 
trip hazards.  
 
Regarding growing medium and gravel comment: see 
response to comment #15.  


19 
Luis Parra, 
Hunsaker 


12 


Drawdown considerations for the bio-retention should be 
included to determine the maximum depth of the 
combination of ponding, amended soil, and gravel than 
can drain in 72 hrs. 


Vector control is a major benefit of stormwater LID. 
Conventionally, drawdown considerations only apply to the 
surface ponding layer of bioretention devices and not the 
below ground layers. The surface ponding layer will fully 
drain within a few hours of the end of a storm event. The 
sizing calculator will include drawdown calculations. 


20 
Luis Parra, 
Hunsaker 


12 


It is not clear in page 12 if the other option of conversion 
is valid: the example describes a situation where the 
design engineer can convert the ponding layer with half 
the depth but twice the area, and actually design 
engineers are more interested in doing exactly the 
opposite: half the area and twice the depth. I am 
assuming that this is also a valid option. 


The Countywide Model SUSMP specifies the allowable 
configurations for bioretention BMPs.  


21 
Luis Parra, 
Hunsaker 


13 
Comments 2 and 3 (#12 and #13 in this table) are also 
applicable to figure 6 of page 13. 


The figures on pages 77 and 78 of the Countywide Model 
SUSMP should be modified to show the underdrain pipe at 
or near the bottom of the storage layer (i.e., the gravel layer).  


22 
Luis Parra, 
Hunsaker 


N/A 


There is no opportunity to make comments in hidden 
parameters or assumptions made by the program, but to 
trust blindly on the results. Unfortunately the engineer 
will become more of a technician running a black-box 
program than an engineer using criteria an experience 
to come up with a good design. 


The Sizing Calculator is a simple-to-use tool that allows 
engineers to quickly size stormwater BMPs based on 
detailed “pre-sizing” modeling exercise (performed by Brown 
and Caldwell). Project proponents could perform their own 
hydrologic and hydraulic modeling analyses to size modified 
BMP designs, if desired.  


 







 


1 


 Draft Technical Memorandum  


9665 Chesapeake Drive, Suite 201 
San Diego, CA 92123 
Tel: 858-514-8822 
Fax: 858-514-8833 


 


Project Title:  San Diego County Hydromodification Management Plan 


Project No:  133904 


 


San Diego County Hydromodification Management Plan (HMP) 


Subject:  Description of Automated Pond Sizing Procedure 


Date:  May 6, 2010 


To:  Sara Agahi, San Diego County 


From:  Tony Dubin, Brown and Caldwell 
Eric Mosolgo, Brown and Caldwell 


 


This memorandum describes the automated pond sizing procedure that Brown and Caldwell (BC) is currently 
developing to support the implementation of the San Diego HMP. The purpose of the automated pond 
sizing procedure is to provide both project proponents and municipal review staff with a technically sound 
yet streamlined method for sizing stormwater ponds that meet the performance requirements of the HMP.  


Pond Sizing Procedure 


The automated pond sizing procedure will be built into the BMP Sizing Calculator software to allow project 
proponents to select detention ponds as the method of stormwater runoff control. The general process will 
work as follows:  


1. The project proponent will enter information about the area tributary to the proposed detention 
pond for the pre-project and post-project conditions. The information will include drainage area, soil 
types, slopes, and land cover information (e.g., scrub land, landscaping, impervious).  


2. The BMP Sizing Calculator software will construct pre-project and post-project (unmitigated) long-
term runoff time series data that correspond to the site conditions (i.e., the information described in 
the item #1 above). The time series will be created through a pre-modeling exercise that involves 
running HSPF with real, historical rainfall data and developing long-term, unit area hydrographs for 
each combination of soils, slopes, and land covers.  


3. The project proponent will next enter an initial configuration for the detention pond, including area, 
depth and side slopes. Alternatively, the user could supply a stage-storage-discharge table. The user 
will also enter preferences for how the automated pond sizing procedure should iteratively adjust the 
pond configuration if the initial configuration does not meet the HMP’s performance requirement 
for flow duration and peak flow control. The user will not need to supply any information about the 
outlet control structure, because the automated pond sizing algorithm will use a pre-defined 
configuration that includes 2 flow control orifices and an overflow weir (sizes of the outflow facilities 
will be determined by the pond sizing algorithm).  







San Diego Hydromodification Management Plan 
Draft Technical Memo – Description of Automated Pond Sizing Procedure 


 


2 


 


4. The software will route the post-project unmitigated, long-term runoff time series through the 
detention pond. The reservoir routing routine will compute the following quantities for each hourly 
time step: 


o stormwater inflow  


o water depth 


o pond exfiltration 


o pond outflow through the outlet control structure  


The pond outflows will form the “post-project mitigated” time series that will be compared to the  
pre-project conditions.  


5. The software will compare the pond outflow flow durations and peak flows with the pre-project 
flow durations and peak flows to determine if the pond configuration meets the performance 
requirements of the HMP.  


6. If the current configuration does not meet the HMP performance requirements, the automated pond 
sizing procedure will apply the user’s stated preference for modifying the pond configuration (see 
item #3 above) and perform the reservoir routing and statistical post-processing calculations again 
(and again) until the pond is properly sized and meets HMP requirements.  


 


Time Series Data 


As described above, the automated pond sizing procedure will prepare pre-project and post-project time 
series for the area tributary to the proposed pond, and then determine how large the pond must be to 
mitigate the impacts of development or redevelopment activities. The site-specific time series will be 
developed by adding together the component time series data that describe the different parts of the project 
area (e.g., 10-acres impervious time series + 5 acres Group D soils and scrub vegetation with moderate slopes 
time series + 12 acres Group D soils with urban/landscaped cover time series).  


The component runoff time series will be developed by running HSPF simulations for each of the 12 
scenario conditions described in the HMP Modeling Approach and BMP Configurations technical memo dated 
March 2, 2010 (see Section 2.2 of the technical memo). Runoff time series will also be developed 
corresponding to four (4) “urban” landscaped conditions describing landscaped areas with compacted soils 
that would be typical of urban and suburban-style development.  


These landscaped cover types are necessary for the automated pond sizing procedure, because it is not 
feasible for site developments that include large ponds for stormwater control to segregate runoff from 
pervious and impervious surfaces (in the way that LID-focused developments typically separate contributions 
from pervious and impervious sources).  


Table 1 below lists the pervious site conditions that will be available for the automated pond sizing 
procedure.  
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TABLE 1 


HSPF Scenarios for Characterizing Pervious Site Conditions 


Scenario No. NRCS Soil Group Land Cover Slope 


1 A Scrub, Shrub Low (<5%) 


2 A Scrub, Shrub Moderate (10%) 


3 A Scrub, Shrub Steep (>15%) 


4 B Scrub, Shrub Low (<5%) 


5 B Scrub, Shrub Moderate (10%) 


6 B Scrub, Shrub Steep (>15%) 


7 C Scrub, Shrub Low (<5%) 


8 C Scrub, Shrub Moderate (10%) 


9 C Scrub, Shrub Steep (>15%) 


10 D Scrub, Shrub Low (<5%) 


11 D Scrub, Shrub Moderate (10%) 


12 D Scrub, Shrub Steep (>15%) 


13 A Urban/Landscaped Moderate (10%) 


14 B Urban/Landscaped Moderate (10%) 


15 C Urban/Landscaped Moderate (10%) 


16 D Urban/Landscaped Moderate (10%) 


 


Pond Configuration Preferences 


After describing the pre-project and post-project conditions based on local soils, slopes and land covers, the 
project proponent will describe an initial pond configuration and preferences for modifying the configuration 
during the automated sizing process.  


Since each project site has its unique constraints on pond configurations, the user should be allowed to 
express preferences with regard to configuration modification. To minimize the pond footprint area, 
engineers commonly provide the required storage volume by constructing a deeper pond. However, site 
specific constraints, community concerns, and municipal regulations could require an engineer to set a 
maximum depth for a pond. Potential concerns associated with pond depths include public safety, drawdown 
times, vector control, or aesthetics, among others.  


Figure 1 below shows how preferences will be incorporated into the iterative pond sizing process. 
Specifically, the figure illustrates how the automated pond sizing procedure could test an initial configuration, 
iteratively test increasing pond depths, and finally test increasing pond areas until a solution is found that 
meets the flow duration and peak flow performance requirements of the HMP.  
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FIGURE 1 


 Illustration of Pond Configuration Preferences  
for Automated Iterative Sizing 
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San Diego County Hydromodification Management Plan (HMP) 


Subject:  Rainfall and Evapotranspiration Data for BMP Sizing Calculator 


Date:  May 20, 2010 


To:  Sara Agahi, San Diego County 


From:  Eric Mosolgo, Brown and Caldwell 
Tony Dubin, Brown and Caldwell 


 


This memorandum describes the rainfall and evapotranspiration data that Brown and Caldwell (BC) is using 
to develop BMP sizing factors and pond sizing time series data for incorporation in the San Diego BMP 
Sizing Calculator. The purpose of the BMP Sizing Calculator is to provide both project proponents and 
municipal review staff with a technically sound yet streamlined method for sizing stormwater facilities that 
meet the performance requirements of the HMP.  


Rainfall Data 


Standards developed as part of this HMP to control runoff peak flows and durations are based on a 
continuous simulation of runoff using local rainfall data.  To provide for clear climatic designation between 
coastal, foothill and mountain areas of the County, and to distinguish between the major watershed units, 
historical records for a series of 18 rainfall data stations located throughout San Diego County were compiled  
and quality controlled for analysis. 


Long-term hourly rainfall records have been prepared for the 18 rainfall stations.  These rainfall record files 
are located on the Project Clean Water web site for public use (www.projectcleanwater.org).  Sources of the 
rainfall data include ALERT data from the County of San Diego (which extend back to 1982), the California 
Climatic Data Archive, National Oceanic and Atmospheric Administration (NOAA), the National Climatic 
Data Center, and the Western Regional Climate Center.   


Gauges were selected based on minimum continuous simulation modeling requirements including the 
following:  


1. Since the selected precipitation gauge data set should be located near the project site to ensure that long-
term rainfall records are similar to the anticipated rainfall patterns for the site, gauges were selected in 
proximty to areas planned for future development and redevelopment. 


2. Recording frequency for the gauge data set should be hourly (or more frequent). 


3. The gauge rainfall record should extend for the entire length of the record.  Where the gauge record 
length is less than 35 years, then adjacent gauge records were used to extend the rainfall record to at least 
35 years. 
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4. Use of the most applicable long-term rainfall gauge data, as opposed to the scaling of rainfall patterns 
solely from Lindbergh Field, is required to account for the diverse rainfall patterns across San Diego 
County.  


Precipitation gauges summarized in Table 1 below all have recording frequencies of one hour and recording 
data ranges of at least 35 years. 
 


TABLE 1 


  Rainfall Station Summary 


Station Elevation Watershed 


Bonita 120 Sweetwater River 


Encinitas 242 San Elijo Lagoon and Batiquitos Lagoon and ocean outlets 


Escondido 645 Escondido Creek 


Fallbrook 675 San Luis Rey River (near ridge with Santa Margarita River watershed) 


Fashion Valley 20 Lower San Diego River 


Flinn Springs 880 San Diego River 


Kearny Mesa 425 San Diego River (near ridge with San Clemente Canyon watershed) 


Lake Cuyamaca 4,590 Upper San Diego River 


Lake Heneshaw 2,990 Upper San Luis Rey River 


Lake Wohlford 1,490 Upper Escondido Creek 


Lindbergh Field Near Sea Level Coastal – San Diego Bay 


Lower Otay Reservoir 491 Otay River 


Oceanside 30 San Luis Rey River 


Poway 440 Los Penasquitos Canyon 


Ramona 1,450 Upper San Dieguito River 


San Onofre 162 North County Coastal – Pacific Ocean 


San Vicente Reservoir 663 San Diego River 


Santee 300 San Diego River 


For a given project location, the following factors should be considered in the selection of the appropriate 
rainfall data set when developing continuous simulation hydrologic models.  


1. In most cases, the rainfall data set in closest proximity to the project site will be the appropriate 
choice.  A rainfall station map is included in Figure 1 of this technical memo and has been posted to 
the Project Clean Water web site for public use. 


2. In some cases, the rainfall data set in closest proximity to the project site may not be the most 
applicable data set.  Such a scenario could involve a data set with an elevation significantly different 
from the project site.  In addition to a simple elevation comparison, the project proponent may also 
consult with the San Diego County’s average annual precipitation isopluvial map, which is provided 
in the San Diego County Hydrology Manual (2003).  Review of this map could provide an initial 
estimate as to whether the project site is in a similar rainfall zone as compared to the rainfall station.  
Generally, average annual precipitation totals in San Diego County increase with increasing elevation. 


3. Where possible, rainfall data sets should be chosen so that the data set and the project location are 
both located in the same topographic zone (coastal, foothill, mountain) and/or major watershed unit 
(Upper San Luis Rey, Lower San Luis Rey, Upper San Diego River, Lower San Diego River, etc.). 
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FIGURE 1   


Rainfall Station Map 


The BMP Sizing Calculator will automate the rainfall gauge selection process considering the factors detailed 
in this technical memo. For the purposes of the sizing factor modeling development effort, four (4) of the 
rainfall data sets were considered for analysis. The selected rainfall data sets include: 


1. Lindbergh Field (coastal area, San Diego Bay watershed, central San Diego County, elevation near 
sea level) 


2. Oceanside (coastal area, San Luis Rey River watershed, northern San Diego County, elevation = 30 
feet) 


3. Lower Otay Reservoir (inland valley area, Otay River watershed, southern San Diego County, 
elevation = 491 feet) 


4. Ramona (mountain area, San Dieguito River watershed, eastern San Diego County, elevation = 1,450 
feet) 


To account for topographic, geographic and climatic variability across San Diego County, scaling factors will 
be developed for each of the (4) rainfall stations listed above. Projects will be assigned to a “rainfall basin” 
corresponding to one of the (4) rainfall stations. Then, rainfall data will be scaled based upon either mean 
annual precipitation of single-event isopluvial data (such as the 2-year, 24-hour or 85th percentile, 24-hour 
rainfall totals) differences as compared to the selected rainfall station. 
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Evapotranspiration Data 


Known data sources for evaporation and evapotranspiration data in San Diego County are listed below. 


1. California Irrigation Management and Information System web site – evapotranspiration stations 
include San Diego, Oceanside, Escondido, Ramona, Otay Lakes, Miramar, Torrey Pines, and Borrego 
Springs. 


2. Historical Reservoir Level and Evaporation Data for Lake Heneshaw. 


3. Historical Evaporation Data from City of San Diego Reservoirs. 


4. Historical Evaporation Data from Helix Water District for Lake Cuyamaca. 


Table 2 below summarizes available evaporation and evapotranspiration data sources in San Diego County.  
Most of the available data are located close to reservoirs in the inland valley and mountain areas of the 
County.  Monthly evaporation records are available for multiple reservoirs within the County.  
Evapotranspiration sensing data are generally collected in agricultural zones. 


The California Irrigation Management Information Systems web site (www.cimis.water.ca.gov/cimis/data.jsp) 
provides access to real-time and summarized evapotranspiration data (ETo) throughout California.  For the 
San Diego region, average evapotranspiration values are summarized for the coastal and foothill zones of San 
Diego County. 


 


TABLE 2   


Summary of Evaporation and Evapotranspiration Data for San Diego County 


Station Name ID Data Type Data Source 
Recording 
Frequency 


Start Date End Date 


Barratt Lake Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Chula Vista Pan Evaporation 
Western Regional 


Climate Center 
Monthly Averages 1948 2005 


El Capitain 
Reservoir 


Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Escondido / 74 Evapotranspiration CIMIS Monthly 1988 1998 


Escondido / 153 Evapotranspiration CIMIS Monthly 1999 2008 


Lake Cuyamaca Pan Evaporation Helix Water District Monthly 1985 2006 


Lake Heneshaw Pan Evaporation County of San Diego Daily 1999 2005 


Lake Heneshaw Pan Evaporation County of San Diego Monthly 1957 2008 


Lake Hodges Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Lake Jennings Pan Evaporation Helix Water District Monthly 1985 2006 


Lake Murray Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Lake Sutherland Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1954 2008 


Lower Otay 
Reservoir 


Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Lower Otay / 147 Evapotranspiration CIMIS Monthly 1999 2008 


Miramar Lake Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1960 2008 


Miramar Lake / 150 Evapotranspiration CIMIS Monthly 1999 2008 
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TABLE 2   


Summary of Evaporation and Evapotranspiration Data for San Diego County 


Station Name ID Data Type Data Source 
Recording 
Frequency 


Start Date End Date 


Morena Lake Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Oceanside / 49 Evapotranspiration CIMIS Monthly 1986 2003 


Ramona / 98 Evapotranspiration CIMIS Monthly 1991 1998 


San Diego / 45 Evapotranspiration CIMIS Monthly 1985 1989 


San Diego / 66 Evapotranspiration CIMIS Monthly 1989 2001 


San Diego II / 184 Evapotranspiration CIMIS Monthly 2002 2008 


San Vicente 
Reservoir 


Pan Evaporation 
City of San Diego 
Water Department 


Monthly 1950 2008 


Torrey Pines / 173 Evapotranspiration CIMIS Monthly 2000 2008 


For the purposes of the sizing factor modeling development effort, the four (4) rainfall data sets were 
associated with evapotranspiration/evaporation data as detailed below. 


1. Lindbergh Field (San Diego/45, San Diego/66, San Diego II/184, Chula Vista, Lake Murray and 
Torrey Pines/173) 


2. Oceanside (Oceanside/49, Lake Hodges, Lake Heneshaw) 


3. Lower Otay Reservoir (Lower Otay Reservoir, Lower Otay/147) 


4. Ramona (Ramona / 98, Lake Hodges, San Vicente Reservoir) 
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SAN DIEGO COUNTY 
REGIONAL AIRPORT AUTHORITY 


P.O. BOX 82776. SAN DIEGO. CA 92138-2776 


619.400.2400 \,v"w'w'.SAN.ORG 


July 26, 2011 


Mr Jeff Kashak 
County of San Diego 
Department of Public Works 
Environmental Services Unit 
5469 Kearny Villa Road, Suite 305 
San Diego, California 92123-1292 


Re: Airport Land Use Commission Consistency Determination Application 
Gillespie Field Redevelopment Project; APN 387-190-08 


Dear Mr Kashak: 


As the Airport Land Use Commission (ALUC) for San Diego County, the San Diego County 
Regional Airport Authority acknowledges receipt of an application for a determination of 
consistency for the project described above. This project is located within the Airport Influence 
Area of the Gillespie Field Airport Land Use Compatibility Plan (ALUCP). 


ALUC staff review of the project description in the application indicates that the project would 
consist of a 70-acre redevelopment of airport property for airfield facility improvements and 
aviation uses. Pursuant to the Gillespie Field ALUCP (2.6.2(b», only proposed non-aviation 
development on airport property is subject to ALUC review. Therefore, a determination of 
consistency with the ALUCP by the ALUC is not required. 


Thank you for your submittal to the ALUC. If you have any questions concerning this letter, 
please contact Ed Gowens at (619) 400-2244 or egowens@san.org. 


~l{~" 
Angela Jamison 
Manager, Airport Planning 


cc: Peter Drinkwater, Director of County Airports 


SAN DIEGO 
INTERNATIONAL 
AIRPORT 







 







 







 







    
 
 
 


Kids  •  The Environment  •  Safe and Livable Communities 


 


RICHA D E. CROMPTON 
RECTOR 


DEPARTMENT OF PUBLIC WORKS 
 


5500 OVERLAND AVE, SUITE 310  
SAN DIEGO, CALIFORNIA  92123-1295 


(858) 694-2212  FAX: (858) 268-0461 
Web Site: www.sdcounty.ca.gov/dpw/ 
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July 11, 2011 
 
Re:  Evaluation of the 2008 Aircraft Noise Analysis Land Use Compatibility Analysis for the 


proposed 70‐Acre Redevelopment Project at Gillespie Field, El Cajon, California 
 
In  2009,  the  County  released  for  public  review  a Notice  of  Preparation  for  a  joint  Program 
Environmental  Impact Report/Environmental Assessment  (PEIR/EA)  for  the Redevelopment of 
the  70‐acre  Parcel  and  Land  Acquisition/Avigation  Easement  Project.  The  County  and  the 
Federal Aviation Administration  (FAA) were  the Lead Agencies  in  the preparation of  this  joint 
environmental document. In 2011, the County decided to no longer pursue a joint PEIR/EA, but 
instead pursue the PEIR and EA separately in accordance with CEQA and NEPA.  Moreover, only 
the redevelopment of the 70‐acre site  is being considered under CEQA and NEPA and not the 
acquisition of parcels  and/or  avigation  easements.   This  PEIR does not  analyze  the potential 
environmental effects of the parcels considered for acquisition and avigation easement. 
 
The  revised project description  and project  alternatives does not present new  conditions  or 
features that would substantively alter the analysis and findings of 2008 Gillespie Field Aircraft 
Noise Analysis Land Use Compatibility Analysis prepared by Ricondo & Associates, Inc.   To this 
effect,  the  information  and  analysis  contained  herein  are  appropriate  and  valid  for  the 
consideration and discussion of environmental impacts in this PEIR. 
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INTRODUCTION 
 
This document evaluates the compatibility of noise contours for the Proposed Action to 
existing regional, county and local plans and policies related to land use.  It was 
prepared based on the Gillespie Field Aircraft Noise Analysis prepared by Ricondo & 
Associates (under separate cover) in conjunction with the County of San Diego 
Department of Public Works. 
 
The land use compatibility analysis presented in this report has been completed for use 
in the completion of a joint Environmental Impact Report/Environmental Assessment 
(EIR/EA) being prepared by the San Diego County Department of Public Works in 
support of the proposed redevelopment of a 70-acre parcel of land at Gillespie Field 
with aviation related facilities (i.e., taxiways, apron, and hangars).  The Gillespie Field 
Redevelopment Project (Proposed Action) also proposes to obtain avigation easements 
and/or to acquire property associated with the Runway Protection Zones at Gillespie 
Field.  This project component is necessary to satisfy safety regulations and would not 
influence aircraft noise in areas surrounding the Airport. 
 
A full description of the Proposed Action can be found in the Alternatives section of the 
EIR/EA.  The year 2019 represents the expected implementation year for the Proposed 
Action.  The year 2019 was selected as the appropriate implementation year in the P&D 
Aviation 2005 Airport Layout Plan Update and Narrative Report, calling for the 
redevelopment of the 70-acre parcel, determined that the 2025 forecast operations 
would require 384 based aircraft spaces, and the revised operations forecast depicts 
the same forecast number by 2019 with a demand for 382 based aircraft spaces.1  
Therefore, the operations forecast and associated required aircraft facilities 
necessitates implementation of the 70-acre parcel redevelopment in the year 2019. 
 
I. AIRCRAFT NOISE IMPACT ON LAND USE AND PLANNING (CEQA and 


NEPA) 
 
The following sections discuss aircraft noise impacts on land use arising from 
implementation of the Proposed Action Alternative in 2019.  The No Action/No Project 
Alternative would not impact Land Use and Planning because no physical change would 
occur at Gillespie Field as the 70-acre redevelopment would not occur.  The change 
between existing conditions and the 2019 No Action/No Project scenario is attributed to 


                                                 
1 Gillespie Field Unconstrained Aviation Activity Forecast, September 9, 2008.  Prepared by Ricondo  


& Associates. 
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“natural growth” of airport operations over time and not attributable to the Proposed 
Action. 
 
1.1 OVERVIEW 
 
The land use analysis evaluates potential noise effects upon implementation of the 
Proposed Action Alternative in 2019 and their potential for making land uses 
incompatible in areas surrounding Gillespie Field.  As established in Gillespie Field 
Noise Analysis, there is anticipated to be a less than significant noise impacts 
associated with the 2019 Proposed Action Alternative under California Environmental 
Quality Act (CEQA) and National Environmental Policy Act (NEPA) thresholds. 
 
The current Airport Land Use Compatibility Plan (ALUCP) for Gillespie Field was 
adopted in 2004.  The ALUCP is currently being updated.  The main assumption by the 
County Department of Public Works is that the ALUCP currently being updated by the 
Airport Land Use Commission (ALUC) would include and consider updated noise 
analysis information.  Both the County and local jurisdictions will be responsible for 
revising their general plans to be consistent with the updated ALUCP as it relates to 
aircraft exposure. 
 
Per the County, a County project in a city is not subject to regulation by that city.  For 
example, a city’s zoning and building ordinances do not apply to a county project 
located in the city (Government code Sections 53090 and 53091; and 40 
Ops.Cal.Atty.Gen 243 [1962]).  A city’s general plan does not apply to a county project 
located in the city (Lawler v. City of Redding, 7 Cal.App.4th 778 [1992]).  Other city 
ordinances, even though enacted specifically to regulate a county, have also been 
found not to apply to a County project located in the city (County of Los Angeles v. City 
of Los Angeles, 212 Cal.App.2d 160 [1963]).  Consequently, because the Proposed 
Action is a County project, it is exempt from the City of Santee and the City of El Cajon’s 
General Plan. 
 
It should be noted per state law that the County of San Diego, City of El Cajon and City 
of Santee, are required to comply with the policies of the San Diego County Regional 
Airport Authority’s (SDCRAA), who serves as the ALUC in San Diego County.  The 
SDCRAA’s designation as the ALUC is written into state law (Public Utilities Code 
21670.3).  SDCRAA is responsible for leading the planning effort of compatibility around 
airports in the County, and prepares ALUCP for each airport.  State law explicitly 
requires the County and affected cities to modify their general plans and specific plans 
and ordinances (including zoning designations) to be consistent with the ALUCP or to 
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take special steps to overrule the findings of the ALUC.  Additionally, private parties are 
subject to the provision of the ALUCP either directly or as implemented in plans and 
zoning of the affected city or the County. 
 
The City of El Cajon’s and the City of Santee’s noise elements of their respective 
general plans discuss working towards consistency with ALUC’s policies and rezoning 
areas deemed to be inconsistent.  The County’s Noise Element of the General Plan 
(Policy 1, Action Program 1.8) also discusses amendments to the community plans 
where necessary based on findings of the ALUC and County noise surveys in order to 
maintain consistency with the ALUCP. 
 
CEQA analysis includes an assessment of the compatibility with the County of San 
Diego General Plan and an assessment of consistency with the ALUCP to ensure the 
Airport’s surrounding land use designations are appropriate with aviation use.  
Compatibility guidelines established by the Federal Aviation Administration (FAA) are 
considered per NEPA analysis. 
 
1.2 GENERAL APPROACH AND METHODOLOGY FOR LAND USE ANALYSIS 
 
As stated in Section 1.1, the main assumption by the County is that the ALUCP 
currently being updated by the ALUC would include and consider updated noise 
analysis information.  Both the County and local jurisdictions will be responsible for 
revising their general plans to be consistent with the updated ALUCP as it relates to 
aircraft exposure. 
 
This land use analysis focuses on significant noise impacts to noise sensitive land uses 
as identified under Federal Aviation Regulation (FAR) Part 150 land use guidelines 
(NEPA analysis) and for potential inconsistency in affected jurisdiction’s general plan 
land uses arising from increases in the noise associated with the alternatives (CEQA 
analysis).  Noise-sensitive land uses for purposes of this evaluation include residential 
land uses and non-residential land uses such as schools, libraries, hospitals, religious 
facilities, and parks.  For purposes of this analysis, the study area includes all land 
around the Airport exposed to aircraft noise of 65 Community Noise Equivalent Level 
(CNEL) and higher.  This area includes the Airport and the municipalities immediately 
adjacent to Gillespie Field, the cities of Santee and El Cajon and a portion of 
unincorporated San Diego County.  Data utilized in the noise analysis prepared by 
Ricondo & Associates includes the Integrated Noise Model (INM) contours developed for 
the noise study portion of this document and 2007 existing land use as provided by the 
San Diego Association of Governments (SANDAG).  SANDAG’s land use data was 
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chosen for this analysis, as opposed to the San Diego County Tax Assessor’s parcel 
data utilized in the noise analysis, because it accounts for officially designated land uses 
as adopted by County and/or local jurisdictions.  The land use analysis does not require 
detailed information on dwelling units or population, but focuses on official land usage 
designations.  If the 65 CNEL contour line intersects any portion of an area designated 
for residential land use, it is considered exposed to noise of 65 CNEL and higher. 
 
1.2.1 FAA (NEPA) Land Use Incompatibility 
 
FAA has promulgated land use compatibility guidelines in FAR Part 150 and noise 
significance thresholds per FAA Orders 5050.4B and 1050.1E further define noise 
impacts as significant when a 1.5 dB increase occurs within the area exposed to 65 
CNEL and higher under the 2019 Proposed Action Alternative.  These guidelines are 
listed in Table I-1.  The compatibility of land use with aircraft noise is based on the 
sensitivity of various land uses to aircraft noise as defined by the DNL noise metric 
(CNEL in California).  Impacts to noise-sensitive land uses generally occur within the 
area exposed to aircraft noise of 65 CNEL and higher.  The Proposed Action is 
consistent with the ALUCP and no significant impact would occur as a result. 
 
1.3 THRESHOLDS OF SIGNIFICANCE 
 
1.3.1 CEQA 
 
CEQA Guidelines Appendix G, Section IX. Land Use and Planning, establishes that a 
potentially significant impact would occur if: 
 


The project conflicts with any applicable land use plan, policy, or 
regulation of an agency with jurisdiction over the project (including, but not 
limited to the general plan, specific plan, local coastal program, or zoning 
ordinance) adopted for the purpose of avoiding or mitigating an 
environmental effect. 


 
1.3.1.1 Plan Consistency Evaluation 
 
As discussed in Section 1.1, the County’s Proposed Action is not subject to general 
plans of City government.  Accordingly, the Proposed Action is not subject to the land 
use plans and policies of the City of Santee and City of El Cajon.  The following sections 
evaluate the consistency of the proposed alternatives with the applicable plans 
governing compatible land use. 
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Table I-1 
FAA Suggested Land Use Compatibility Guidelines in Aircraft Noise Exposure Areas 


  Yearly Day-Night Average Sound 
Level (CNEL9) in Decibels 


Land Use  Below 65 65-70 70-75  75-80  80-85 Over 85
Residential          


Residential, Other than Mobile Homes and Transient Lodgings  Y N1/ N1/  N  N N 
Mobile Home Parks  Y N N  N  N N 
Transient Lodgings  Y N1/ N1/  N1/  N N 


Public Use          
Schools  Y N1/ N1/  N  N N 
Hospitals, Nursing Homes  Y 25 30  N  N N 
Churches, Auditoriums, and Concert Halls  Y 25 30  N  N N 
Governmental Services  Y Y 25  30  N N 
Transportation  Y Y Y2/  Y3/  Y4/ Y4/ 
Parking  Y Y Y2/  Y3/  Y4/ N 


Commercial Use          
Offices, Business and Professional  Y Y 25  30  N N 
Wholesale and Retail - Building Materials, Hardware, and Farm 
Equipment  Y Y Y2/  Y3/  Y4/ N 
Retail Trade, General  Y Y 25  30  N N 
Utilities  Y Y Y2/  Y3/  Y4/ N 
Communication  Y Y 25  30  N N 


Manufacturing and Production          
Manufacturing, General  Y Y Y2/  Y3/  Y4/ N 
Photographic and Optical  Y Y 25  30  N N 
Agriculture (except livestock) and Forestry  Y Y6/ Y7/  Y8  Y8 Y8 
Livestock Farming and Breeding  Y Y6/ Y7/  N  N N 
Mining and Fishing, Resource Production, and Extraction  Y Y Y  Y  Y Y 


Recreational          
Outdoor Sports Arenas and Spectator Sports  Y Y5/ Y5/  N  N N 
Outdoor Music Shells, Amphitheaters  Y N N  N  N N 
Nature Exhibits and Zoos  Y Y N  N  N N 
Amusement Parks, Resorts, and Camps  Y Y Y  N  N N 
Golf Courses, Riding Stables, and Water Recreation  Y Y 25  30 N N 


Notes: 
1/ Where the community determines that residential or school uses must be allowed, measures to achieve outdoor to indoor Noise 


Level Reduction (NLR) of at least 25 dB and 30 dB should be incorporated into building codes and be considered in individual 
approvals.  Normal residential construction can be expected to provide a NLR of 20 dB, thus, the reduction requirements are 
often stated as 5, 10, or 15 dB over standard construction and normally assume mechanical ventilation and closed windows year 
round.  However, the use of NLR criteria will not eliminate outdoor noise problems. 


2/ Measures to achieve NLR of 25 dB must be incorporated into the design and construction of portions of these buildings where 
the public is received, office areas, noise-sensitive areas, or where the normal noise level is low. 


3/ Measures to achieve NLR of 30 dB must be incorporated into the design and construction of portions of these buildings where 
the public is received, office areas, noise-sensitive areas, or where the normal noise level is low. 


4/ Measures to achieve NLR of 35 dB must be incorporated into the design and construction of portions of these buildings where 
the public is received, office areas, noise-sensitive areas, or where the normal noise level is low. 


5/ Land use compatible provided special sound reinforcement systems are installed. 
6/ Residential buildings require a NLR of 25. 
7/ Residential buildings require a NLR of 30. 
8/ Residential buildings not permitted. 
9/ CNEL is the required noise metric within the State of California, the Federally required DNL is used outside the State of California
The designations contained in this table do not constitute a Federal determination that any use of land covered by the program is 
acceptable under Federal, State, or local law.  The responsibility for determining the acceptable and permissible land uses and the 
relationship between specific properties and specific noise contours rests with the local authorities.  FAA determinations under Part 
150 are not intended to substitute federally determined land uses for those determined to be appropriate by local authorities in 
response to locally determined needs and values in achieving noise compatible land uses.  Nursing Homes and Hospitals, 
Convalescent are used interchangeably throughout this analysis. 
Y (Yes) Land Use and related structures compatible without restrictions. 
N (No) Land Use and related structures are not compatible and should be prohibited. 
NLR Noise Level Reduction (outdoor to indoor) to be achieved through incorporation of noise attenuation into the design 


and construction of the structure. 
25, 30, 35 Land Use and related structures generally compatible; measures to achieve or NLR of 25, 30, or 35 dB must be 


incorporated into design and construction of structure. 


Source:   U.S. Department of Transportation, FAA, Federal Aviation Regulations Part 150, Airport Noise Compatibility Planning, 
Code of Federal Regulations, Title 14, Chapter I, Subchapter I, Part 150, Table I, January 18, 1985, as amended 


Prepared by: Ricondo & Associates, Inc., 2004. 
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1.3.2 Relevant Plans and Guidelines 
 
The following sections address both State of California and Federal standards for 
addressing the compatibility of various land uses with noise resulting from aircraft 
operations. 
 
1.3.2.1 Airport Land Use Compatibility Plan 
 
As discussed in Section 1.1, California law (Public Utilities Code 21670.3) requires that 
counties which operate airports for the benefit of the general public establish ALUCs for 
the purposes of creating ALUCPs.  The SDCRAA serves as the ALUC for all of San 
Diego County’s airports.  The purpose of the ALUCP is to provide guidance on land use 
planning that ensures that the safety and welfare of the public is protected from 
excessive noise and safety hazards associated with aviation by discouraging 
incompatible development in areas surrounding airports.  For this purpose, ALUCs are 
charged with development of guidelines suggesting compatible land use for areas 
affected by aviation-related noise and safety. 
 
As stated in Section 1.1, the current ALUCP for Gillespie Field was adopted in 2004.  
The ALUCP is currently being updated.  The main assumption by the County is that the 
ALUCP currently being updated by the ALUC would include and consider updated noise 
analysis information.  Both the County and local jurisdictions will be responsible for 
revising their general plans to be consistent with the updated ALUCP as it relates to 
aircraft noise exposure. 
 
As operators of eight of the airports in the county, the County of San Diego has been in 
coordination with the ALUC regarding the Proposed Action and associated noise 
surveys.  The operational forecasts, noise data, and modeling are integral components 
of the ALUCP for Gillespie Field.  ALUCPs consider a 20-year planning period, and the 
forecast data in the both the Gillespie Field Unconstrained2 and Constrained3 Aviation 
Activity Forecasts evaluated the operations and associated noise contours through 
2027.  ALUC uses this data to develop the Airport Influence Area and appropriate land 
use designations that surrounding jurisdictions must adhere to. 
 


                                                 
2 Gillespie Field Unconstrained Aviation Activity Forecast, September 9, 2008.  Prepared by Ricondo  


& Associates. 
3 Gillespie Field Constrained Aviation Activity Forecast, September 9, 2008.  Prepared by Ricondo  


& Associates. 







Gillespie Field 


Gillespie Field Aircraft Land Use Compatibility 7 October 2008 
  DRAFT 


1.3.2.2 Federal Land Use Compatibility Guidelines 
 
Suggested compatibility guidelines for evaluating land uses in aircraft noise exposure 
areas were developed by the FAA and are listed in Table I-1.  Compatible or 
incompatible land use is determined by comparing the predicted or measured CNEL at 
a parcel(s).  An increase of 1.5 dB CNEL or more in areas exposed to noise of 65 CNEL 
and higher is considered to be the Federal standard threshold of impact related to land 
use.  However, the impact is considered “compatible” if the parcel has an appropriate 
land use zoning designation as defined by Table I-1.  The ALUC administers the 
ALUCP for Gillespie Field, and does not allow incompatible noise-sensitive land use 
designations within the 65 CNEL noise contour.  Given that the Proposed Action is 
consistent with the ALUCP, and all surrounding jurisdictions are required to comply with 
those designations, no incompatible land uses within the 65 CNEL contour exist. 
 
1.3.2.3 County of San Diego 
 
The following policies and action programs included in the Noise Element of the County 
of San Diego General Plan are applicable to the Proposed Action: 
 


Policy 1 – Establish and support a coordinated program to protect and 
improve the acoustical environment of the County. 


Action Program 1.8 – Review and amend where necessary the 
community plans and General Plan Elements based on noise 
conflicts identified in Airport Influence Area Plans prepared by the 
Airport Land Use Commission and in existing and future County 
noise surveys.  Whenever possible priority should be given to 
solutions that control source noise rather than modification of 
existing or planned residential land uses. 


Policy 2 – Continue to support, by official advocacy, the control of noise 
sources through legal regulation and cooperative government efforts. 


Action Program 2.1 – Officially support programs and actions to 
resolve aircraft noise problems on a national basis through 
cooperative effort of the federal and State governments, the air 
carriers, and aircraft manufacturers. 


Action Program 2.3 – Continue to officially support the reduction of 
aircraft noise by changing operating procedures consistent with 
operational safety. 
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The 2019 Proposed Action Alternative is consistent with the above components of the 
County of San Diego General Plan. 
 
1.4 ENVIRONMENTAL CONSEQUENCES 
 
As discussed in Section 1.2.1, for purposes of the NEPA analysis impacts to noise 
sensitive land uses would occur where an increase in noise of 1.5 dB CNEL is 
experienced within noise sensitive areas exposed to aircraft noise of 65 CNEL and 
higher resulting from implementation of the 2019 Proposed Action Alternative.  As there 
are no significant noise impacts associated with the Proposed Action as compared to 
the 2019 No Action/No Project Alternative further analysis for NEPA purposes is not 
required. 
 
The followings sections discuss the environmental consequences of the 2019 No 
Action/No Project Alternative and the 2019 Proposed Action Alternative compared to 
2008 existing conditions and their compatibility with applicable land use plans, policies 
or regulations, and land use compatibility in areas surrounding Gillespie Field. 
 
As stated in Section 1.1, the main assumption by the County is that the ALUCP 
currently being updated by the ALUC would include and consider updated noise 
analysis information.  Both the County and local jurisdictions will be responsible for 
revising their general plans to be consistent with the updated ALUCP as it relates to 
aircraft noise exposure. 
 
1.4.1 2019 No Action/No Project Alternative 
 
The 2019 No Action/No Project Alternative would not impact land use and planning 
because no physical change would occur at the Airport as the 70-acre redevelopment 
would not occur.  As explained in Ricondo & Associates Gillespie Field Noise Analysis, 
the change between 2008 Existing Conditions and the 2019 No Action/No Project 
Alternative is attributed to “natural growth” of airport operations over time and not 
attributable to the Proposed Action.  Therefore, there would be no inconsistency with 
the ALUCP as a result of the 2019 No Action/No Project Alternative. 
 
1.4.2 2019 Proposed Action Alternative 
 
Exhibit I-1 depicts the 65 CNEL aircraft noise exposure area under 2019 Proposed 
Action Alternative conditions and General Plan land use designations for the areas 
surrounding the Airport.  As discussed in the Ricondo & Associates Gillespie Field 
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Land Use in the Gillespie Field Environs - 2019 Proposed Action Alternative 65 CNEL Contour


Sources:        SANDAG Land Use 2007, SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layer: 19pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008 Exhibit I-1
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Noise Analysis, no new or existing noise-sensitive land use areas would be exposed to 
aircraft noise of 65 CNEL and higher and would not have an increase of 1.5 dB CNEL 
under the 2019 Proposed Action Alternative. 
 
1.4.3 Impact Summary 
 
As stated in Section 1.1, the main assumption by the County is that the ALUCP 
currently being updated by the ALUC would include and consider updated noise 
analysis information.  Both the County and local jurisdictions will be responsible for 
revising their general plans to be consistent with the updated ALUCP as it relates to 
aircraft noise exposure. 
 
The Proposed Action is consistent with the ALUCP and the development of ALUCP land 
use designations.  Using both CEQA and NEPA thresholds previously described, 
implementation of the Proposed Action Alternative would have a less than significant 
impact to land use and planning. 
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July 11, 2011 
 
Re:  Evaluation of the Noise Studies for the proposed 70‐Acre Redevelopment Project at 


Gillespie Field, El Cajon, California 
 
In  2009,  the  County  released  for  public  review  a Notice  of  Preparation  for  a  joint  Program 
Environmental  Impact Report/Environmental Assessment  (PEIR/EA)  for  the Redevelopment of 
the  70‐acre  Parcel  and  Land  Acquisition/Avigation  Easement  Project.  The  County  and  the 
Federal Aviation Administration  (FAA) were  the Lead Agencies  in  the preparation of  this  joint 
environmental document. In 2011, the County decided to no longer pursue a joint PEIR/EA, but 
instead pursue the PEIR and EA separately in accordance with CEQA and NEPA.  Moreover, only 
the redevelopment of the 70‐acre site  is being considered under CEQA and NEPA and not the 
acquisition of parcels  and/or  avigation  easements.   This  PEIR does not  analyze  the potential 
environmental effects of the parcels considered for acquisition and avigation easement. 
 
The  revised project description  and project  alternatives does not present new  conditions  or 
features that would substantively alter the analysis and findings of the Noise studies prepared 
by  AECOM  and  Ricondo  &  Associates,  Inc.    To  this  effect,  the  information  and  analysis 
contained  herein  are  appropriate  and  valid  for  the  consideration  and  discussion  of 
environmental impacts in this PEIR. 
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I. Aircraft Noise Exposure Analysis 
The noise analysis presented in this technical report has been completed for use in the completion of 
a joint Environmental Impact Report/Environmental Assessment (EIR/EA) being prepared by the 
San Diego County Department of Public Works in support of the proposed redevelopment of a 70-
acre parcel of land at Gillespie Field with aviation related facilities (i.e. taxiways, apron, and 
hangars).  The Gillespie Field Redevelopment Project (Project) also proposes to obtain avigation 
easements and/or to acquire property associated with the Runway Protection Zones (RPZs) at 
Gillespie Field.  This project component is necessary to satisfy safety regulations and would not 
influence aircraft noise in areas surrounding the Airport.  Accordingly, these project components are 
not considered as a part of this noise analysis. Aircraft noise was evaluated under five different 
scenarios: 


• 2008 Existing Conditions 
• 2019 No Action/No Project Alternative 
• 2019 Proposed Action Alternative 
• 2024 No Action/No Project Alternative 
• 2024 Proposed Action Alternative 


A full description of the Proposed Action can be found in the Alternatives section of the EIR/EA. 
The year 2019 represents the expected implementation year for the proposed action.  This year 2019 
was selected as the appropriate implementation year as the Airport Layout Plan Update and Narrative 
Report (P&D Aviation 2005), calling for the redevelopment of the 70-acre parcel, determined that 
the 2025 forecast operations would require 384 based aircraft spaces, and the revised operations 
forecast depicts the same forecast number by 2019 with a demand for 382 based aircraft spaces.1 
Therefore, the operations forecast and associated required aircraft facilities necessitates 
implementation of the 70-acre parcel redevelopment in the year 2019.  


The year 2024 represents the five year mark following implementation of the proposed action as 
required by FAA impact analysis (NEPA only).  


To satisfy the requirements of the National Environmental Policy Act (NEPA) and Federal Aviation 
Administration (FAA) regulations (FAA Order 1050.1E Environmental Impacts: Policies and 
Procedures and FAA Order 5050.4B National Environmental Policy Act (NEPA) Implementing 
Instructions for Airport Projects), the noise analysis compares 2019 No Action/No Project conditions 
with 2019 Proposed Action Alternative conditions and 2024 No Action/No Project conditions with 
2024 Proposed Action Alternative conditions.  For purposes of the California Environmental Quality 
Act (CEQA) (Cal. Pub. Res. Code. Div. 13, §§21000 et seq.), the 2008 Existing Conditions scenario 
was established and is used as the environmental baseline per CEQA.  The CEQA noise analysis 
compares both 2019 No Action/No Project Alternative and 2019 Proposed Action Alternative 
conditions with 2008 Existing Conditions. The results of the noise analysis can be found in Section 
1.4.  In summary, there are no potentially significant impacts according to FAA and CEQA 
thresholds of significance related to changes in aircraft noise exposure caused by the Proposed 
Action Alternative. 


The aircraft noise analysis was conducted using the FAA required Integrated Noise Model (INM) in 
compliance with applicable Federal and State of California approved methodologies as discussed in 
Section 1.1.3.  The methodology employed for the noise analysis is further discussed in Section 1.1, 


                                                   
1 Ricondo & Associates, Inc., Gillespie Field Unconstrained Aviation Activity Forecast, September 9, 2008.  
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below, including a description of noise metrics and inputs required for modeling.   


In addition to the noise analysis, this document evaluates the compatibility of noise contours for the 
2019 alternatives to existing regional, county and local plans and policies related to land use.  This 
analysis is in Section II. 


1.1 Background and Methodology 
In order to understand results from a noise analysis, a foundation in the basics of sound and the 
metrics used to measure it should be established first. The following two sections describe the 
physics of sound and the methods used to measure sound level and noise impact. 


1.1.1 The Basics of Noise Analysis 
Sound is a physical phenomenon consisting of minute vibrations that travel through a medium, such 
as air, and are sensed by the human ear.  Whether that sound is interpreted as pleasant (e.g., music) or 
unpleasant (e.g., jackhammers) depends largely on the listener’s current activity, past experience, and 
attitude toward the source of that sound. 


The measurement and human perception of sound involves three basic physical characteristics:  
intensity (loudness), frequency (high or low pitch) and duration.  The loudest sounds that are detected 
comfortably by the human ear have intensities that are a trillion times higher than those of sounds 
that are barely detected.  Due to this vast range, the use of a linear scale to represent the intensity of 
sound becomes very unwieldy.  To simplify acoustical calculations, a logarithmic unit known as the 
decibel (abbreviated dB) is used to represent the intensity of a sound.  Such a representation is called 
a sound level.  Decibels measure the ratio of a given intensity of sound energy levels to the threshold 
of hearing intensity, with the threshold having the value of 0 decibels (0 dB). Sound level 
measurements in decibels are generally referenced to a standard threshold of hearing at 1000 Hz for 
the human ear, which can be stated in terms of sound intensity.  This value has wide acceptance as a 
nominal standard threshold and corresponds to 0 decibels.  The actual average threshold of hearing at 
1,000 Hz is more like 2.5 x 10-12 watts/cm2 or about 4 decibels, but 0 decibels is a convenient 
reference.  Normal speech has a sound level of approximately 60 dB. Sound levels above 120 dB 
may cause physical discomfort, and sounds maintaining a level above 140 dB can cause permanent 
hearing damage. 


Sound levels cannot be arithmetically added or subtracted due to the logarithmic nature of the decibel 
unit.  However, some simple rules are useful in understanding sound levels.  First, if a sound’s 
intensity is doubled, the sound level increases by 3 dB, regardless of the initial sound level.  For 
example: 


  60 dB  +  60 dB  =  63 dB, and 


  80 dB  +  80 dB  =  83 dB. 


Second, the total sound level produced by two sounds of different levels is slightly more than the 
higher of the two.  For example: 


  60.0 dB  +  70.0 dB  =  70.4 dB. 


Adding the noise from a relatively quiet event (60 dB) to a relatively noisy event (70 dB) results in a 
value of 70.4 dB. The quieter event has only one-tenth the sound energy of the noisier event.  As a 
result, the quieter noise event is “drowned out” by the noisier one.  Therefore, the human ear 
perceives no discernible increase in the overall noise level. 







Gillespie Field 


Gillespie Field Aircraft Noise Analysis 3 October 2008 


Finally, when different sounds are averaged together, the result is dominated by the highest sound 
level.


Average (50 dB and 100 dB) = 97 dB 


Research indicates that a person can detect a change as small as 1 dB under very carefully controlled 
laboratory conditions.  However, the minimum change in an individual event’s sound level that an 
average human ear can detect under normal conditions is about 3 dB.  In general, a person perceives 
a 10 dB change in sound level as a doubling (or halving) of the sound’s loudness.  A 10 dB decrease 
in sound level actually represents a 90 percent decrease in sound intensity, but only a 50 percent 
decrease in perceived loudness.  Sound energy is linear, but perceived loudness to the human ear is 
nonlinear.


The difference between how people perceive fluctuations in sound levels and the relative sound 
energy that underlies the change in levels is key to understanding both how noise is analyzed and 
mitigated.  For example, a doubling of aircraft operations without a change in the type of aircraft 
flying would result in a doubling of sound energy that, as shown above, is associated with a 3 dB 
increase in noise level.  Furthermore, the noise exposure level near an airport is largely determined 
by the loudest aircraft operating, and not strongly affected by changes in operations by quieter 
aircraft.


Sound frequency is measured in terms of cycles per second (cps), or hertz (Hz), which is the standard 
unit for measuring frequency.  The normal human ear can detect sounds that range in frequency from 
about 20 Hz to about 15,000 Hz.  All sounds in this wide range of frequencies, however, are not 
heard equally well by the human ear.  The ear is most sensitive to frequencies in the 1,000 to 4,000 
Hz range.  A sound tone at 2,000 Hz would seem louder than a sound at 15,000 Hz of the same 
intensity. Weighting curves were developed to correspond to the sensitivity and perception of the 
human ear to different types of sound.  A-weighting accounts for frequency dependence by adjusting 
the high and low frequencies (below approximately 500 Hz and above approximately 10,000 Hz) to 
approximate the human ear’s lower sensitivities to those frequencies. 


Sound levels that are measured using A-weighting, called A-weighted sound levels, are often denoted 
by the unit dBA.  When the use of A-weighting is understood, the adjective “A-weighted” is often 
omitted and the measurements are expressed in dBA.  Some common sounds on the dBA scale are 
listed in Table I-1.  As shown in the table, the relative perceived loudness of a sound doubles for 
each 10 dBA increase although a 10 dBA change corresponds to a tenfold increase in relative sound 
energy.   


Exhibit I-1 illustrates the range of sound produced and the average sound level of common noise 
sources, such as sirens, motorcycles, and loud rock music.   


1.1.2 Noise Metrics 
A metric refers to the unit used to quantitatively measure the effect of noise on the environment.  Due 
to the wide variety of purposes for which noise is analyzed, including an evaluation of the way sound 
is generated by an aircraft, a wide variety of metrics exist to describe noise.  While only a limited 
number of metrics are commonly used in discussing aircraft noise, the metrics differ in significant 
ways.  
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Table I-1 
Common Sounds on the A-weighted Decibel Scale 


Sound
Sound Level 


(dBA)
Relative Loudness 


(approximate) Relative Sound Energy 
Rock music, with amplifier 120 64 1,000,000 
Thunder, snowmobile (operator) 110 32 100,000 
Boiler shop, power mower 100 16 10,000 
Orchestral crescendo at 25 feet, noisy kitchen 90 8 1,000 
Busy street 80 4 100 
Interior of department store 70 2 10 
Ordinary conversation, 3 feet away 60 1 1 
Quiet automobiles at low speed 50 1/2 .1 
Average office 40 1/4 .01 
City residence 30 1/8 .001 
Quiet country residence 20 1/16 .0001 
Rustle of leaves 10 1/32 .00001 
Threshold of hearing 0 1/64 .000001 


Source: U.S. Department of Housing and Urban Development, Aircraft Noise Impact—Planning Guidelines for Local Agencies, 1972. 
Prepared by: Ricondo & Associates, Inc., October 2004 


Exhibit I-1 
Average Sound Levels 


Note:  Aircraft Levels From FAA Advisory Circular AC-36-3G 


Source: Leo L. Beranek “Noise and Vibration Control,” 1971. 
Prepared by: Gillespie Field Noise Assessment, Mestre Greve Associates, March 2004.  
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There are two very basic categories of noise metrics: single aircraft overflight noise exposure and 
cumulative (average) exposure related to multiple flights over a defined period of time (e.g., 24-hour 
day or eight hours).  Single aircraft overflight noise events are quantified using the Maximum Sound 
Level (Lmax) or Sound Exposure Level (SEL) metric, whereas cumulative exposure to many flights 
over a given period is expressed in terms of the Community Noise Exposure Level (CNEL) or 
Equivalent Sound Level (Leq).  For purposes of this analysis, noise is measured using CNEL.2


CNEL, expressed in dBA, is the standard metric used in California to represent cumulative noise 
exposure and is recognized by FAA for use in assessing aircraft noise impacts in California (FAA 
Order 1050.1E Environmental Impacts: Policies and Procedure, paragraph 14.1a).  The metric 
provides a single-number description of the sound energy to which a person or community is exposed 
to over a period of 24 hours.  CNEL includes penalties applied to noise events occurring after 7:00 
p.m. and before 7:00 a.m., when noise is considered more intrusive.  The penalized time period is 
further subdivided into evening (7:00 p.m. through 9:59 p.m.) and nighttime (10:00 p.m. to 6:59 
a.m.).  When a noise event occurs in the evening, a penalty of 4.77 dBA  (frequently rounded up to 5 
dBA) is added to the nominal sound level.  A 10 dBA penalty is added to nighttime noise events 
(equivalent to a tenfold increase in aircraft operations). 


The CNEL metric used for aircraft noise analyses is based on an Annual Average Day (AAD) of 
aircraft operations.  An average annual day activity profile is computed by adding all aircraft 
operations occurring during the course of a year and dividing the result by 365. As such, the Annual 
Average Day does not reflect activities on any one specific day, but represents average conditions as 
they occur during the course of the year. 


1.1.3 Aircraft Noise Analysis Methodology 
The methodology for analyzing noise from most transportation or community noise sources, 
including aircraft, follows a generally accepted process that includes the application of a computer 
model to estimate noise levels and compare them to those for baseline conditions and future year 
alternatives.


1.1.3.1 Modeling Aircraft Noise 
For purposes of this analysis, aircraft noise has been modeled using the FAA’s Integrated Noise 
Model (INM).  INM is a planning tool designed to compare the relative effect of one set of forecasted 
conditions against those of another.  Therefore, the FAA requires noise exposure patterns based on 
modeled rather than measured data for its evaluations (FAA Order 1050.1E, Environmental Impacts: 
Policies and Procedures, paragraph 14b).  Section 1.1.3.2, below, provides an overview of the INM. 


Version 7.0 of the INM was used for the aircraft noise analysis in this document.  INM 7.0 is the 
most recent release of the model for use at the time this aircraft noise analysis was conducted.  The 
FAA has made available detailed information related to the updates to INM 7.0 via release notes 
located on its website (www.faa.gov). 


Modeled aircraft CNEL noise exposure maps are used as planning tools to allow the comparison of 
different scenarios of operations over a broad geographical area. The aircraft noise analysis scenarios 


2 The Day-Night Average Sound Level (DNL) is the accepted standard Federal noise metric.  DNL accounts for 
differences in people’s attitude towards noise during daytime and nighttime periods.  A weighting factor 
equivalent to a penalty of 10 decibels is applied to operations between 10 p.m. and 7 a.m. to account for the 
increased sensitivity of people to nighttime noise. CNEL is the accepted standard noise metric in the State of 
California and has been accepted by FAA for use in measuring noise associated with projects in this state.  
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presented in this document include 2008 Existing Conditions, 2019, and 2024 No Action/No Project 
Alternative and Proposed Action Alternative scenarios.  These scenarios were compared (2019 No 
Action/No Project Alternative conditions to 2019 Proposed Action Alternative conditions for NEPA 
purposes, 2008 Existing Conditions to 2019 No Action/No Project Alternative conditions and 2019 
Proposed Action Alternative conditions for CEQA purposes, and 2024 No Action/No Project 
Alternative conditions to 2024 Proposed Action Alternative conditions for informational purposes as 
required by FAA) to identify potential significant impacts that may arise as a result of the proposed 
action.


1.1.3.2 Integrated Noise Model (INM)  
The INM is the accepted, state-of-the-art tool for determining the total effect of aircraft noise 
exposure at and around airports. The INM has been the FAA's standard tool for determining the 
predicted noise impact in the vicinity of airports since 1978.  Statutory requirements for INM use are 
defined in FAA Order 1050.1E, Policies and Procedures for Considering Environmental Impacts;
Order 5050.4B, National Environmental Policy Act (NEPA) Implementing Instructions for Airport 
Projects, and Federal Aviation Regulations (FAR) Part 150, Airport Noise Compatibility Planning.


The INM uses runway and flight track information, operation levels distributed by time of day, 
aircraft fleet mix, and aircraft profiles as inputs.  The INM produces noise exposure contours 
connecting points of equal noise exposure levels in a variety of metrics, including CNEL.  In 
addition, the INM can be used to compute noise at specific points on the ground that are input into 
the model. (e.g., homes, schools, religious facilities, and other noise sensitive facilities). 


The INM includes flight performance data for a wide variety of aircraft types.  The model’s aircraft 
database contains a representation of commercial, general aviation, and military aircraft powered by 
turbojet, turbofan, or propeller-driven engines. For each aircraft type in the database, INM 
incorporates: (1) a set of departure profiles for each applicable trip length as a surrogate for weight, 
(2) a set of approach parameters, and (3) noise (Single Event Level [SEL]) versus distance curves for 
several thrust settings. 


The model computes the noise from each flight at a large number of grid points on the ground.  After 
each operation is modeled, INM logarithmically sums all the aircraft noise values.  Aircraft noise 
contours (areas) are then generated by connecting grid points with equal levels of noise exposure.  
Noise contours are then produced, typically in 5 dBA increments including, at a minimum, 65, 70, 
and 75 dBA.   


1.1.3.3 INM Input Data and Assumptions  
In order for the INM to generate CNEL aircraft noise exposure contours that would be viable to 
evaluate aircraft noise impacts, the following inputs to the model are required: 


A basic description of the airfield, including elevation above mean sea level (MSL), average 
annual temperature, and runway layout. 
Aircraft activity information, including the number of aircraft operations by time of day and 
aircraft type. 
Flight operational data, including use of the runways, location and use of flight tracks, 
departure profiles, and existing noise abatement procedures. 


Neither the No Action/No Project Alternative nor the Proposed Action Alternative scenarios include 
a change in the runway layout from existing conditions; therefore the existing layout as defined by 
the Airport Layout Plan (ALP) is held constant for all scenarios.  The average annual temperature is 
also held constant. The last two categories of data are discussed in more detail below. 
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1.1.3.4 Aircraft Activity Input  
The INM requires the following input data regarding the character and timing of operations at an 
airport:


The average number of flights each day by aircraft type, such as Cessna Citation corporate jet 
(CNA500), or Cessna 172 single-engine propeller aircraft (CNA172), 
Time of day the flights occurred (day: 7:00 a.m.. to 6:59 p.m.; evening: 7:00 p.m. to 9:59 
p.m.; and night: 10:00 p.m. to 6:59 a.m.), and 
Distance the aircraft is traveling (“stage length” to determine the appropriate climb altitude-
speed-thrust profile). 


Each of these input factors is discussed below. 


Operations by Aircraft Type 
Different aircraft types vary dramatically in the amount of noise they generate. The noise level 
estimates are documented in FAA Advisory Circular 36-3H, Estimated Airplane Noise Levels in A-
Weighted Decibels (November 2001 as amended), and are based on certificated aircraft noise levels 
measured at 21,325 feet (6,500 meters) from the start of the takeoff roll.  Aircraft noise 
characteristics can be classified according to Federal noise level standards specified in FAR Part 36, 
Noise Standards, Aircraft Type and Airworthiness Certification, as meeting Stage 1 (noisiest), Stage 
2 (quieter), or Stage 3 (quietest) standards.  FAR Part 91, General Operating and Flight Rules,
specifies that after December 31, 1999, no person may operate a Stage 2 aircraft over 75,000 pounds 
in the contiguous United States.  However, FAR Part 36 Stage 2 general aviation (GA) jet aircraft 
that weigh less than 75,000 pounds are exempt from this requirement.  This includes a number of 
small jets operated by businesses and individuals.  


The INM aircraft database includes information for most, but not all, aircraft types.  Therefore, 
substitutions are often necessary as a means to identify equivalent aircraft for those aircraft that are 
not included in the database.  The FAA has developed a list of pre-approved aircraft substitutions for 
use in the INM.  In this aircraft noise analysis, the FAA pre-approved list of substitutions is used. 


Time of Day
As described in Section 1.1.2, above, the CNEL metric applies different weighting penalties to 
aircraft that operate during the evening or at night. Therefore, the number and type of aircraft 
operating in the evening and nighttime periods are required inputs to the INM. Due to the CNEL 
weighting scheme, evening and nighttime operations have a greater effect on the shape and size of 
the noise exposure area than their number might suggest.  A single operation in the evening is 
equivalent to about three daytime operations, and one operation at night is equivalent to 10 daytime 
operations.


Stage Length and Takeoff Weight
Stage length (unrelated to “stage” classifications of aircraft for noise characteristics) refers to the 
nonstop distance an aircraft travels after departing from an airport.  The stage length determines the 
gross takeoff weight assigned to each aircraft type, based upon the amount of fuel that the aircraft 
must have on board to safely complete the trip.  The aircraft weight serves as the basis for 
determining the appropriate departure altitude, speed and thrust profiles used for modeling purposes.  
Aircraft noise characteristics vary depending on altitude and thrust.  For example, a fully loaded 
aircraft departing on a long flight would probably weigh more than the same aircraft departing on a 
shorter flight due to a higher fuel load.  The heavier aircraft gains altitude at a slower rate than the 
lighter aircraft.  Thrust levels and distances from the ground are two important factors related to 
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noise levels heard by the noise receiver (e.g., residents near the Airport).  The more power applied to 
the engines, the louder the noise from the source.  The closer the aircraft is to the noise receiver, the 
shorter distance there is for attenuation and the louder the noise level.  The more power applied to the 
engines, the louder the noise from the source.  Due to the nature of Gillespie Field as a general 
aviation airport and the type of aircraft that operate at the Airport, no aircraft included in this analysis 
are characterized as operating beyond Stage 1 according to the aircraft databases provided by the 
FAA in INM. 


Average Annual Day (AAD) Activity Levels 
For CNEL aircraft noise exposure calculations, aircraft operations associated with the average annual 
day are used in the INM.  To achieve the necessary level of detail and to provide an accurate noise 
assessment for the existing condition, a full year of activity level data is normally analyzed when 
available. The numbers of operations by each aircraft type and time of day are divided by 365 to 
arrive at the average annual day numbers. (Certain inputs in the INM model consider a landing and 
take-off as a single operation.) This representation of airport activity does not reflect any particular 
day, but gives an accurate picture of the timing and character of operations throughout the year.   


Runway Use
In the INM, runways are defined by runway end in terms of latitude and longitude coordinates.  A 
runway may include a displaced take-off or landing threshold.  This portion of the runway is defined 
to be unavailable for that type of operation for safety reasons (e.g., obstruction clearance).  Displaced 
thresholds are identified in the INM, which uses the input to determine actual start-of-take-off or 
touchdown points along the runway. 


Runway use for departures or arrivals is typically a function of prevailing wind and weather, lengths 
and widths of the runways, instrumentation, and effects of other airports or air traffic facilities in the 
area.  Runway use may also be influenced by the direction of flight of an arriving or departing 
aircraft, to some extent on aircraft parking position, and/or periodic closures of runways and 
taxiways.  Finally, noise abatement practices also may influence the pattern of aircraft movements on 
a runway. 


Aircraft Flight Tracks 
Once aircraft leave a runway on departure or approach a runway on arrival, their location and altitude 
over surrounding communities becomes a determining factor in how much noise would be 
experienced on the ground.  For this reason, flight track information is an important input to the 
INM.  Most pilots fly their aircraft in predictable patterns as they follow instructions from FAA Air 
Traffic Control handling their movements into or away from an airport.  Flight tracks are defined to 
represent the general paths of the large majority of aircraft located throughout the study area.  When 
using the INM, these flight tracks are specified to capture the complexity of the actual flight patterns.  
Flight tracks are defined in the INM before aircraft operations can be entered.  The number of 
operations is entered for each aircraft type, runway, and flight track. 


Flight Climb and Descent Profiles
A flight profile describes the changes in altitude, thrust settings, and speed that an aircraft undergoes 
as it departs or approaches a runway.  The INM specifies standard departure profiles for each aircraft 
type in the database, and for various gross weights of the larger aircraft.  For arrivals, a three-degree 
descent that is typical for most flights is assumed in the INM.  Standard profiles provided in the INM 
are used to calculate aircraft noise exposure for Gillespie Field. 
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1.1.3.5 The Reliability and Utility of the INM  
The validity and accuracy of the INM CNEL calculation depend on the accuracy and completeness of 
the basic information used in the calculations.  For 2008 Existing Conditions, the number, character, 
and location of flights is determined based upon a prior INM study conducted for the Airport in 2000 
and validated in August 2008 through field observations after interviewing Airport and FAA ATCT 
staff and use of FAA ATCT data (flight strips). Use of these data yielded a reasonably accurate 
depiction of noise exposure within the Airport’s surrounding communities for planning purposes. 


A description of the operational assumptions for the existing condition and each future year scenario 
is provided in the following sections. 


1.2 Affected Environment/Environmental Baseline 
For purposes of this noise analysis, year 2008 conditions represent the baseline Existing Conditions.  
The last noise analysis for Gillespie Field was conducted in 2005 (Gillespie Field Airport Layout 
Plan Narrative Report, P&D Consultants, September 2005).  It was necessary to update the baseline 
conditions to reflect changes in conditions at the Airport since the completion of the ALP Narrative 
Report and to satisfy CEQA, which requires a comparison of proposed action conditions with an 
Existing Conditions (baseline conditions), and the FAA requirement of providing a recent depiction 
of existing condition (no older than three years) .   


FAA requires that input used to assess aircraft noise should accurately reflect current activity levels, 
aircraft fleet mix, runway use and flight track use at an airport.3  To satisfy this requirement, the 
AAD INM input developed for the aircraft noise analysis conducted as part of the ALP Narrative 
Report was updated using the best available information to adequately reflect 2008 Existing 
Conditions.


The following sections provide a description of the data and assumptions used to develop the noise 
exposure map for 2008 Existing Conditions.  The input parameters include the (1) average daily 
number of aircraft operations, (2) the aircraft fleet mix and its distribution throughout the day, (3) the 
current utilization of the runways, (4) the location of the flight paths leading to and from the 
runways, and (5) the distribution of flight operations on those flight paths.   


1.2.1 Existing Conditions Aircraft Activity 
Activity levels for 2008 Existing Conditions at Gillespie Field were based on the most recent 12-
consecutive months of operations data collected by FAA Airport Traffic Control Tower (ATCT) 
staff.  The data reflects the period between July 1, 2007 and June 30, 2008.  During this time, there 
were 267,969 operations at the Airport, 110,008 of which were itinerant operations (arrivals and 
departures) and 157,961 of which were local operations (touch-and-go operations).  To calculate 
AAD conditions, each group of operations was divided by 365, representing the number of days in a 
year.  Local operations as reported by the FAA were further divided by two to account for difference 
in the way FAA records these operations (as separate arrival and departure operations) and the way 
they are calculated in INM (as single operations).  The AAD number of itinerant operations is 301 
operations and the AAD number of local operations is 216 operations.  The combined number 
represents the AAD operations for 2008 Existing Conditions of 517 AAD operations.  Further 
calculations are conducted to determine appropriate allocation of these operations by time of day and 
aircraft type, as discussed in Section 1.2.2, below. 


3 Federal Aviation Administration. Airports Desk Reference. Chapter 17, Section 6(j)(4), 2nd paragraph, page 12 
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1.2.2 Operations by Aircraft Type and Time of Day  
Gillespie Field is a general aviation airport that generally serves single-engine and multi-engine 
propeller driven aircraft.  While jet aircraft do operate at the Airport, there is no scheduled air carrier 
service.  A review of the ALP Narrative Report, a 13-day sample of FAA ATCT flight strips, field 
observations, and the County of San Diego Department of Public Work’s nighttime flight log kept at 
the Airport was conducted to determine whether the type of aircraft in use at Gillespie Field has 
changed between 2000 and 2008.4  Based upon this review, aircraft were categorized by the 
following type categories:   


Single-Engine Propeller 
Multi-Engine Propeller 
Multi-Engine Turbine Propeller 
Jet
Helicopter


Since the closure of Silver State Helicopter in February 2008, the average number of helicopter 
operations has decreased.  The number of helicopter operations is not specifically tracked by the 
FAA, however, a total of about 30 total operations a day was estimated based on forecasted flight 
hours for 2008 provided by the FAA’s Aerospace Forecast Fiscal Years 2007-2020.  Assuming three 
active helipads with four separate routes for each helipad, the AAD operation level would be two and 
a half operations per route.  According to the FAA’s Environmental Desk Reference, FAA is to 
conduct helicopter noise analysis when helicopter operations on a specific route are forecasted to 
exceed 10 operations per day and hover times exceed two minutes (Section 3,b,(3)).5


Based on the 2008 Existing Conditions estimate and the forecasted continued decrease in helicopter 
operations for both the No Action/No Project Alternative and Proposed Action Alternative scenarios 
(refer to Ricondo & Associates’ Gillespie Field Unconstrained Aviation Activity Forecast 
(September 9, 2008) for Proposed Action Alternative forecast and Constrained Aviation Activity 
Forecast (September 9, 2008) for No Action/No Project Alternative forecast), the AAD number of 
helicopter operations on each route is anticipated to be at or below two and a half operations.  In 
addition, helicopter operations depart from and arrive at Gillespie Field and do not typically hover 
for more than two minutes. Based upon the anticipated number of operations per route and the lack 
of hovering, modeling helicopter noise is deemed unnecessary.  Due to the limited number of 
helicopters operating at Gillespie Field and the assumption that helicopter noise is not a substantial 
issue, this aircraft category was grouped with single-engine propeller aircraft to account for the total 
number of operations reported by the FAA. 


Overall, the percentage of single-engine, multi-engine and jet operations is similar to what was 
modeled for 2000.  The only adjustment, based on flight strip data and field observations conducted 
at the Airport during three thirteen-hour periods from August 13 through 16, 2008, is the percentage 
of piston engine versus turbine engine multi-engine propeller aircraft.  Analysis concludes that there 
are more piston engine multi-engine aircraft compared to turbine powered multi-engines.  During 
2000, there were more turbine powered multi-engine aircraft.  Table I-2 describes the AAD aircraft 
operations and fleet mix at Gillespie Field under 2008 Existing Conditions. 


4 Flight strips are rectangular green strips that include information on Instrument Flight Rule (IFR) planned 
flights.  Information on the strip includes aircraft type, operation mode (arrival/departure) and date and time of 
the operation.  IFR is a set of regulations and procedures for operating aircraft during periods when weather 
conditions do not meet Visual Flight Rule (VFR) minimum requirements.  The majority of operations at 
Gillespie Field are not IFR flights. 


5  http://www.faa.gov/airports_airtraffic/airports/environmental/environmental_desk_ref/media/desk_ref_chap17.pdf 
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Table I-2
Average Annual Day Aircraft Operations and Fleet Mix: 2008 Baseline Conditions 


   Arrivals Departures Touch-and-Go's 


Aircraft Type INM 7.0 Designation Group Category Daytime Evening Nighttime Total Daytime Evening Nighttime Total Daytime Evening Nighttime Total 
Single-Engine Propeller                 
Cessna 172 CNA172 Single-Engine 11.83 0.90 0.08 12.81  11.87 0.91 0.08 12.86  17.38 1.33 0.12 18.83 
Cessna 206 CNA206 Single-Engine 5.91 0.45 0.04 6.40  5.94 0.45 0.04 6.43  8.69 0.66 0.06 9.41 
Cessna 206T CNA20T Single-Engine 5.91 0.45 0.04 6.40  5.94 0.45 0.04 6.43  8.69 0.66 0.06 9.41 
Single Engine (1985) COMSEP Single-Engine 11.83 0.90 0.08 12.81  11.81 0.90 0.08 12.80  17.38 1.33 0.12 18.83 
Single-Engine Fixed Prop GASEPF Single-Engine 59.13 4.51 0.41 64.05  59.07 4.51 0.41 63.99  86.90 6.63 0.60 94.13 
Single-Engine Variable Pitch Prop GASEPV Single-Engine 23.65 1.80 0.16 25.62  23.63 1.80 0.16 25.59  34.76 2.65 0.24 37.65 
Single-Engine Propeller Total   118.26 9.02 0.82 128.09  118.26 9.01 0.82 128.09  173.80 13.25 1.20 188.25 
                 
Multi-Engine Propeller                 
Beech Baron 58 BEC58P Multi-Engine 8.47 1.12 0.36 9.95  8.40 1.16 0.39 9.95  23.37 1.78 0.16 25.32 
Cessna 441 CNA441 Multi-Engine 3.85 0.51 0.16 4.52  3.82 0.53 0.18 4.52  1.30 0.10 0.01 1.41 
DeHavilland Twin Otter DHC6 Multi-Engine 2.46 0.33 0.10 2.89  2.44 0.34 0.11 2.89  1.30 0.10 0.01 1.41 
Shorts 330 SD330 Multi-Engine 0.31 0.04 0.01 0.36  0.31 0.04 0.01 0.36  0.00 0.00 0.00 0.00 
Saab 340 SF340 Multi-Engine 0.31 0.04 0.01 0.36  0.31 0.04 0.01 0.36  0.00 0.00 0.00 0.00 
Multi-Engine Propeller Total   15.40 2.04 0.65 18.08  15.27 2.11 0.70 18.08  25.97 1.98 0.18 28.13 
                      
Jet                      
Citation Jet CIT3 Jet 0.11 0.01 0.02 0.14  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 600 CL600 Jet 0.29 0.03 0.04 0.36  0.33 0.02 0.00 0.35  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 601 CL601 Jet 0.29 0.03 0.04 0.36  0.33 0.02 0.00 0.35  0.00 0.00 0.00 0.00 
Cessna 500 Citation Jet CNA500 Jet 0.11 0.01 0.02 0.14  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Cessna 550 Citation Jet CNA55B Jet 0.02 0.00 0.00 0.02  0.02 0.00 0.00 0.02  0.00 0.00 0.00 0.00 
Cessna 750 Citation X Jet CNA750 Jet 0.11 0.01 0.02 0.14  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Business Jet (1985) COMJET Jet 0.31 0.03 0.04 0.39  0.36 0.03 0.00 0.38  0.00 0.00 0.00 0.00 
Dassault Falcon 20 FAL20 Jet 0.11 0.01 0.02 0.14  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Gulfstream IV  GIV Jet 0.29 0.03 0.04 0.36  0.33 0.02 0.00 0.35  0.00 0.00 0.00 0.00 
Gulfstream V  GV Jet 0.29 0.03 0.04 0.36  0.33 0.02 0.00 0.35  0.00 0.00 0.00 0.00 
Gulfstream Astra 1125 IA1125 Jet 0.08 0.01 0.01 0.10  0.11 0.01 0.00 0.11  0.00 0.00 0.00 0.00 
Learjet 24/25 LEAR25 Jet 0.17 0.02 0.03 0.22  0.20 0.02 0.00 0.21  0.00 0.00 0.00 0.00 
Learjet 35/45/55/60 LEAR35 Jet 1.07 0.12 0.16 1.35  1.28 0.09 0.01 1.38  0.00 0.00 0.00 0.00 
Mitsubishi MU-300 Diamond MU3001 Jet 0.29 0.03 0.04 0.36  0.33 0.02 0.00 0.35  0.00 0.00 0.00 0.00 
North American Saberliner 80 SABR80 Jet 0.06 0.01 0.01 0.07  0.06 0.01 0.00 0.07  0.00 0.00 0.00 0.00 
Jet Total   3.58 0.40 0.54 4.52  4.20 0.31 0.02 4.52  0.00 0.00 0.00 0.00 
Total AAD Operations 517.78                


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding.  


Source: Ricondo & Associates, Inc., based on 2004 Gillespie Field ALP Narrative Report 2000 INM study files; County of San Diego Department of Public Works interviews, August 2008; Field observations, August 2008. 
Prepared by: Ricondo & Associates, Inc., August, 2008. 
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1.2.3 Runway Use 
Table I-3 describes the runway configuration at Gillespie Field.  The Airport operates primarily in a 
west flow configuration due to the typical off-shore wind patterns.  The predominant runways used 
are Runway 27L for touch-and-go operations and Runway 27R for arrival, departure and touch-and-
go operations.  Based on discussions with the County of San Diego Department of Public Works 
airport staff and FAA ATCT staff, runway use patterns have changed only slightly; therefore runway 
use percentages were adjusted accordingly from those utilized in 2000. 


Table I-3 
Runway Configuration: 2008 Existing Conditions 


Runway Length (feet) Displaced Threshold1 (feet) 
9L-27R 5,342 706 (Runway 27R) 


17-35 4,145 
450 (Runway 17);  
685 (Runway 35) 


9R-27L 2,738 0 
Note:
1/ A point on the runway representing a threshold for landing other than the designated beginning of the 


runway. 


Source: http://www.airnav.com 
Prepared by: Ricondo & Associates, Inc. 


Table I-4 shows annual runway use at Gillespie Field under 2008 Existing Conditions.  In general, 
Runway 27L is most often used for touch-and-go operations and Runway 27R for arrival, departure 
and touch-and-go operations.   


1.2.4 Aircraft Flight Tracks 
Field observations were conducted during three thirteen-hour periods between August 13 and 16, 
2008 to validate data collected from interviews with Airport staff and FAA ACTC staff.  
Adjustments were made to flight track direction and usage, including the addition of new flight 
tracks as a result of the field observations.  Exhibits I-2 through I-8 depict the arrival, departure, and 
touch-and-go flight tracks for each runway at the Airport.  Table I-5 shows flight tracks by runway, 
aircraft type, and percentage of usage. 


1.2.5 Aircraft Noise Exposure Map Calculation 
The following sections discuss the noise exposure map developed for 2008 Existing Conditions that 
represents the environmental baseline for CEQA, and describe the associated impacts. 


1.2.5.1 Noise Exposure Map  
Exhibit I-9 depicts the 65, 70 and 75 CNEL noise contours and Table I-6 summarizes noise effects 
under 2008 Existing Conditions.  Approximately 371 acres of land falls within the 65 CNEL noise 
exposure area, the majority of which is located within the boundaries of Gillespie Field.  
Approximately 69 acres, or 18 percent of the total area exposed to 65 CNEL or higher, is located off-
Airport.  The majority of this area is located directly north and northwest of the airfield. 


The contour shape is directly influenced by the predominance of west flow operations at the Airport 
– 70 percent of the itinerant arrivals and departures occur on Runway 27R, as shown in Table I-4,
above, supports more than 70 percent of the Airport’s operations. 
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Table I-4 
Annual Runway Use Percentages by Fleet Mix: 2008 Existing Conditions  


Daytime Arrivals Departures Touch-and-Go 
09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35


Aircraft Category                   
Single-Engine 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.0% 0.0% 1.8% 82.0% 14.6% 1.6% 
Multi-Engine 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.0% 0.0% 10.3% 17.8% 62.3% 9.6% 
Jet 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
                   
Evening Arrivals Departures Touch-and-Go 


09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35
Aircraft Category                   
Single-Engine 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.0% 0.0% 1.8% 82.0% 14.6% 1.6% 
Multi-Engine 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.0% 0.0% 10.3% 17.8% 62.3% 9.6% 
Jet 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
                   
Nighttime Arrivals Departures Touch-and-Go 


09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35 09L 09R 17 27L 27R 35
Aircraft Category                   
Single-Engine 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.5% 0.5% 2.7% 20.0% 73.6% 2.7% 0.0% 0.0% 1.8% 82.0% 14.6% 1.6% 
Multi-Engine 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.5% 0.2% 1.3% 7.8% 88.8% 1.5% 0.0% 0.0% 10.3% 17.8% 62.3% 9.6% 
Jet 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.8% 0.0% 3.7% 0.0% 92.1% 3.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding. 


Source: Ricondo & Associates, Inc., the number, character, and location of flights is determined based upon a prior INM study conducted for the Airport in 2000 and revalidated in August 2008 
through field observations after interviews with Airport staff, FAA ATCT staff, and use of FAA ATCT data (flight strips).; Ricondo & Associates, Inc: GILLESPIE FIELD RUNWAY 
OBSERVATIONS  Memorandum, August 2008. .   


Prepared by: Ricondo & Associates, Inc., August 2008. 
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008 Exhibit I-6


0 2500 ft.


CITY OF 
SANTEE


CITY OF
EL CAJON


UNINCORPORATED
SAN DIEGO


COUNTY


Legend


Runway 27R Flight Tracks


27RJD5PT


27R
JD


4PT


27RPD1PT


27
R


PD
2P


T


27R
PD


4PT


27RPD5PT


27RJA1PT


27R
JA


3PT


27RJA4PT


27
RJ


A6
PT


27RPA1PT


27
R


PA
2P


T


27R
PA


3PT27RPA4PT
27RPA5PT


27RPA6PT


27
RP


D3
PT


Gillespie Field


Note: Flight tracks depicted not intended to represent 
specific aircraft flight tracks, but generalized flight tracks
for noise modeling purposes.


§̈¦8


¬«125


¬«67


27RJD1PT


Runway 09L-27R
Runway 09R-27L


R
unw


ay
17-35


Arrival Track


Departure Track


Airport Boundary


Municipal Boundary


Arrival Subtrack


Departure Subtrack


Jet Aircraft INM Flight Track


Propellor Aircraft INM Flight Track


27RPD1PT


27RJA1PT







Gillespie Field Aircraft Noise Analysis October 2008


Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Sources:        SANGIS, SANDAG 2008, AirPhotoUSA 2007, INM Model: Version 7.0 and Ricondo & Associates, Inc., 2008
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Table I-5 
Flight Tracks as Represented in Exhibits I-2 through I-8, Utilization Percentages: 2008 Baseline Conditions  
Runway Track Day Evening Night Runway Track Day Evening Night Runway Track Day Evening Night
09L 09LJA3PT 0.0% 0.0% 0.0% 09L 09LJD1PT 0.0% 0.0% 0.0% 27L 27LPMET 1.8% 0.1% 0.0% 
09L 09LPA1PT 0.0% 0.0% 0.0% 09L 09LJD2PT 0.0% 0.0% 0.0% 27L 27LPSET 67.3% 5.1% 0.5% 
09L 09LPA2PT 0.0% 0.0% 0.0% 09L 09LJD3PT 0.0% 0.0% 0.0% 27R 27RPTN 17.2% 1.3% 0.1% 
09L 09LPA3PT 0.4% 0.0% 0.0% 09L 09LPD1PT 0.3% 0.0% 0.0% 27R 27RTSEN2 1.2% 0.1% 0.0% 
09R 09RPA1PT 0.0% 0.0% 0.0% 09L 09LPD2PT 0.1% 0.0% 0.0% 17 T17E 1.3% 0.1% 0.0% 
09R 09RPA2PT 0.1% 0.0% 0.0% 09L 09LPD3PT 0.0% 0.0% 0.0% 17 T17W 1.3% 0.1% 0.0% 
09R 09RPA3PT 0.3% 0.0% 0.0% 09R 09RDP3PT 0.1% 0.0% 0.0% 35 T35E 1.1% 0.1% 0.0% 
17 17JA1PT 0.1% 0.0% 0.0% 09R 09RPD1PT 0.2% 0.0% 0.0% 35 T35W 1.1% 0.1% 0.0% 
17 17PA1PT 0.7% 0.1% 0.0% 09R 09RPD2PT 0.1% 0.0% 0.0%      
17 17PA2PT 0.7% 0.1% 0.0% 17 17JD1PT 0.1% 0.0% 0.0%      
17 17PA3PT 0.4% 0.0% 0.0% 17 17PD1PT 0.8% 0.1% 0.0%      
17 17PA4PT 0.4% 0.0% 0.0% 17 17PD2PT 0.7% 0.1% 0.0%      
27L 27LPA1PT 9.2% 0.7% 0.1% 17 17PD3PT 0.7% 0.1% 0.0%      
27L 27LPA2PT 0.1% 0.0% 0.0% 27L 27LPD1PT 5.5% 0.4% 0.0%      
27L 27LPA3PT 0.1% 0.0% 0.0% 27L 27LPD2PT 10.8% 0.9% 0.1%      
27L 27LPA4PT 7.3% 0.6% 0.1% 27L 27LPD3PT 0.3% 0.0% 0.0%      
27R 27RJA1PT 1.8% 0.2% 0.3% 27R 27RJD1PT 0.8% 0.1% 0.0%      
27R 27RJA3PT 0.8% 0.1% 0.1% 27R 27RJD4PT 0.2% 0.0% 0.0%      
27R 27RJA4PT 0.0% 0.0% 0.0% 27R 27RJD5PT 2.1% 0.2% 0.0%      
27R 27RJA6PT 0.0% 0.0% 0.0% 27R 27RPD1PT 3.3% 0.3% 0.0%      
27R 27RPA1PT 12.6% 1.0% 0.1% 27R 27RPD2PT 3.3% 0.3% 0.0%      
27R 27RPA2PT 10.6% 0.9% 0.1% 27R 27RPD3PT 37.1% 3.1% 0.4%      
27R 27RPA3PT 35.1% 2.9% 0.4% 27R 27RPD4PT 9.3% 0.8% 0.1%      
27R 27RPA4PT 0.7% 0.1% 0.0% 27R 27RPD5PT 13.2% 1.1% 0.1%      
27R 27RPA5PT 6.6% 0.5% 0.1% 35 35JD3PT 0.1% 0.0% 0.0%      
27R 27RPA6PT 0.7% 0.1% 0.0% 35 35JD4PT 0.1% 0.0% 0.0%      
35 35JA3PT 0.1% 0.0% 0.0% 35 35PD1PT 0.6% 0.0% 0.0%      
35 35PA1PT 0.6% 0.0% 0.0% 35 35PD2PT 0.6% 0.0% 0.0%      
35 35PA2PT 0.6% 0.0% 0.0% 35 35PD3PT 0.6% 0.0% 0.0%      
35 35PA3PT 0.6% 0.0% 0.0% 35 35PD4PT 0.6% 0.0% 0.0%      
35 35PA4PT 0.6% 0.0% 0.0%           
Total  91.2% 7.5% 1.3%   91.6% 7.5% 0.9%   92.3% 7.0% 0.6% 


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 


Source: Ricondo & Associates, Inc., the number, character, and location of flights is determined based upon a prior INM study conducted for the Airport in 2000 and revalidated in August 2008 
through field observations after interviews with Airport staff, FAA ATCT staff, and use of FAA ATCT data (flight strips).; Ricondo & Associates, Inc: GILLESPIE FIELD RUNWAY FIELD 
OBSERVATIONS  Memorandum, August 2008. 


Prepared by: Ricondo & Associates, Inc., 2008. 
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2008 Existing Conditions CNEL Aircraft Noise Exposure Area


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layer: 08ctr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-6 
Summary Noise Exposure Effects:  2008 Existing Conditions 


Noise Level Range 
Total 


Acreage1/


Off-Airport
Area


(Acres)1/
Total 


Dwellings 
Estimated


Population 


Non-Residential 
Noise-Sensitive 


Parcels
2008 Existing Conditions      


65 to 70 CNEL 216.20 68.88 57.00 181.00 0.00 
70 to 75 CNEL 93.27 0.27 0.00 0.00 0.00 
75  CNEL and higher 61.54 0.00 0.00 0.00 0.00
65 CNEL and higher 371.00 69.15 57.00 181.00 0.00 


Note:
1/ Acreage totals may not add due to rounding. 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August  2008.   


Prepared by: Ricondo & Associates, Inc., August 2008. 


1.2.5.2 Population and Dwelling Unit Count 
As depicted on Exhibit I-9, the area exposed to aircraft noise of 65 CNEL and higher includes land 
outside the Airport boundary directly north and northwest of the airfield.  The number of people and 
dwelling units exposed to aircraft noise of 65 CNEL and higher was determined by overlaying the 
2008 Existing Conditions noise contour on the San Diego County Tax Assessor’s Office 2008 parcel 
map in a Geographic Information System (GIS) program as provided by the San Diego Geographic 
Information Source (SanGIS).6  In addition to identifying individual parcels, including dwelling 
units, the parcel map includes existing land use for the Cities of Santee and El Cajon, as well as 
unincorporated San Diego County, as reported by the San Diego County Tax Assessor’s office.  
Population for this area was determined using year 2000 Census data.  For purposes of the aircraft 
noise analysis, parcel data was used as it accounts for acreage and dwelling units in residential areas 
and dwelling units in non-residential areas where such uses are permitted.  This is the best available 
source of information for determining the number of dwelling units and total residential acreage 
exposed to aircraft noise.  As summarized in Table I-6, approximately 57 dwelling units and 181 
people are located within the 65 to 70 CNEL aircraft noise exposure area.  No people or dwelling 
units are located within areas exposed to noise levels of 70 CNEL or higher. 


1.2.5.3 Land Use Compatibility 
The noise-sensitive land uses exposed to various levels of aircraft noise under the Existing 
Conditions were determined, as summarized in Table I-7, below.  Of the 69 acres located off-Airport 
property and exposed to aircraft noise of 65 CNEL and higher, approximately 17 acres are developed 
in residential use.  The majority of the residential uses exposed to 65 CNEL and higher are single-
family residential uses, including 55 dwelling units.  Multi-family residential uses located on 0.17 
acre, including two dwelling units, are exposed to existing aircraft noise levels of 65 CNEL and 
higher under 2008 Existing Conditions. There are no non-residential noise-sensitive land uses located 
within the areas exposed to aircraft noise of 65 CNEL and higher. 


6  San Diego County Tax Assessor’s Parcel Data last updated June 30, 2008. 
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Table I-7 
Residential and Noise-Sensitive Properties Exposed to 65 CNEL and Higher by Jurisdiction: 2008 
Existing Conditions 


Unincorporated 
San Diego County City of El Cajon City of Santee Total 


65 CNEL and Above     
Residential     
Single-Family     
 Units 0.00 0.00 55.00 55.00 
 Acres 0.00 0.00 17.48 17.48 
 Population 0.00 0.00 175.00 175.00 
Multi-Family     
 Units 0.00 0.00 2.00 2.00 
 Acres 0.00 0.00 0.17 0.17 
 Population 0.00 0.00 6.00 6.00 
Total Residential     
 Units 0.00 0.00 57.00 57.00 
 Acres 0.00 0.00 17.65 17.65 
 Population 0.00 0.00 181.00 181.00 
     
Non-Residential Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 17.65 17.65 


Notes:
1/ Acreage totals may not add due to rounding. 
2/ Population contains 2000 Census data. 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008.  


Prepared by: Ricondo & Associates, Inc., August 2008.







Gillespie Field 


Gillespie Field Aircraft Noise Analysis 25 October 2008 


1.3 Thresholds of Significance 
The FAA has historically been the Federal agency most active in evaluating aircraft noise; however, 
a number of Federal agencies such as the United States Environmental Protection Agency (USEPA), 
Department of Housing and Urban Development (HUD), and Department of Defense (DOD) have 
also provided significant input to the establishment of the noise criteria discussed in this section.  The 
State of California requires use of the CNEL noise metric, a more stringent measure of noise than the 
Federally recognized DNL noise metric, because the metric weights evening operation (between 7:00 
p.m. and 9:59 p.m.) by five for each operation.  The accepted criteria regarding significant aircraft 
noise impacts are reviewed in this section. 


1.3.1 Noise 
The following sections address both Federal and State of California standards for addressing noise. 


1.3.1.1 Federal, State, and Local Noise Standards 
As a result of the Noise Control Act of 1972, the EPA developed and published criteria with respect 
to environmental noise in a 1974 document entitled Information on Levels of Environmental Noise 
Requisite to Protect Public Health and Welfare with an Adequate Margin of Safety, EPA Report No. 
550/9-74-004, commonly referred to as the Levels Document (EPA 1974).  The Levels Document 
prescribed that standards and regulations must account not only for the health and welfare 
considerations described in the criteria, but also for technical and economical feasibility. The term 
“health and welfare” as used in the Noise Control Act refers to the physical and mental well-being of 
human populations.  The term also includes other indirect effects, such as annoyance, interference 
with communication and sleep, loss of value and utility of property, and effects on other living things 
(EPA 1973).  


Federal guidelines have been developed to describe the potential impact of noise levels on people.  
The Federal standards for aircraft noise evaluation are formalized in FAA Order 1050.1E, 
Environmental Impacts: Policies and Procedures, and FAA Order 5050.4B, National Environmental 
Policy Act (NEPA) Implementing Instructions for Airport Projects.  Supporting these standards, 65 
DNL was identified as the 24-hour day-night average sound level (DNL) at which most people 
become highly annoyed by noise.7  Although sensitivity to noise is highly subjective, the 65 DNL 
noise level has been widely adopted as a reasonable criterion for measuring noise compatibility 
impacts.8  Under FAA environmental policies and procedures, the Federal impact standard is 
exceeded if analysis shows that the proposed action will cause noise-sensitive areas to experience an 
increase in aircraft noise of 1.5 DNL or more at or above 65 DNL noise exposure (when comparing 
the future No Action/No Project Alternative condition against the Proposed Action Alternative).  It 
has also been observed that some people may be highly annoyed by noise levels below 65 DNL, and 
identified a 3 dBA increase in DNL, which represents a doubling of noise energy, as a change which 
may be perceptible to people exposed to aircraft noise levels between 60 and 65 DNL. 


7  Federal Interagency Committee On Noise, Federal Agency Review of Selected Airport Noise Analysis Issues 
(August 1992). 


8  California has adopted the Community Noise Equivalent Level (CNEL), which is similar to DNL but applies an 
additional penalty of 4.77 decibels to operations that take place between 7 p.m. and 9:59 p.m.  The use of CNEL 
as an alternative to DNL is accepted by the federal agencies regulating noise impacts. 
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When 1.5 dBA increases occur within the 65 DNL and higher contour, Federal criteria call for the 
identification of noise-sensitive uses experiencing an increase of 3 dBA within the 60 to 65 DNL 
contour.9  This information is provided to the public and decision-makers for informational purposes.  
The FAA uses this information during its consideration of potential mitigation such as noise 
abatement flight procedures for these areas.  FAA has adopted regulations and guidance governing 
airport noise compatibility planning which incorporate the FICON criteria.10


The 1.5 CNEL threshold is accepted here as a CEQA threshold of significance to describe significant 
increases of aircraft noise exposure.  When there are 1.5 CNEL increases within the area exposed to 
65 CNEL and higher under a build alternative, compared to the environmental baseline, CEQA has 
adopted Federal standards to require the presentation of sensitive uses experiencing an increase of 3 
CNEL when exposed to 60-65 CNEL under that alternative.  For purposes of this study and 
recognized by the FAA for use in California, CNEL is used in lieu of DNL.   


The County of San Diego does not designate a threshold of significance related to changes in aircraft 
noise levels in the County CEQA Thresholds Guidelines; therefore the Federal standard is applied.  
Use of the 1.5 CNEL threshold is consistent with noise analyses conducted for other Airport projects 
throughout both San Diego County and the State of California.  


1.4 Environmental Consequences 
The following sections analyze the noise impacts associated with the implementation of the 2019 
Proposed Action Alternative. Refer to the Alternatives section of the EIR/EA for a description of 
each alternative.


The 2019 alternatives are assessed under both NEPA and CEQA significance criteria as described in 
Section 1.3, above. CEQA analysis considers the impact of the 2019 No Action/No Project 
Alternative and the 2019 Proposed Action Alternative in comparison to 2008 Existing Conditions. In 
addition, 2024 No Action/No Project Alternative and 2024 Proposed Action Alternative conditions 
are also assessed for potential impacts utilizing FAA standard significance criteria.  This comparison 
provides a five year outlook after the alternative is implemented, and is required by FAA as part of 
an EA aircraft noise analysis.11


Under Federal standards, determination of impacts is accomplished through comparison of No 
Project and Proposed Action Alternative conditions in the same timeframe (i.e. 2019 No Action/No 
Project Alternative compared with 2019 Proposed Action Alternative. Also 2024 No Action/No 
Project Alternative compared with 2024 Proposed Action Alternative). The basis for determining 
impacts under CEQA is comparison of an “environmental baseline.”  Accordingly, for purposes of 
satisfying the CEQA requirement, this study assesses both the 2019 No Action/No Project 
Alternative and 2019 Proposed Action Alternative against the environmental baseline, 2008 Existing 
Conditions.


9 The FICON report noted that in practice, an increase of 3 dBA or more will not occur in the 60 to 65 DNL 
contour unless there is at least a 1.5 dBA increase within the 65 DNL contour. 


10 U.S. Department of Transportation, Federal Aviation Administration, Land Use Compatibility Guidelines, 
Federal Aviation Regulation (FAR) Part 150; Federal Aviation Administration, Order 5050.4A, Airport 
Environmental Handbook, October 1985; Federal Aviation Administration, Order 1050.1D, Policies and 
Procedure for Considering Environmental Impacts, June 2001. 


11 FAA Order 1050.1E, Environmental Impacts: Policies and Procedures, Section 14.g, paragraph 2. 
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1.4.1 2019 No Action/No Project Alternative Conditions 
The 2019 No Action/No Project Alternative represents conditions at Gillespie Field where the 
proposed development of the 70-acre parcel would not occur.  The following sections describe the 
operational characteristics of this scenario, followed by a description of the resultant aircraft noise 
exposure and associated impacts. 


1.4.1.1 Operational Characteristics 
Table I-8, presents the AAD operations and fleet mix at the Airport under 2019 No Action/No 
Project conditions.  The No Action/No Project Alternative condition is anticipated to result in a 
constraint to operations.  Without the proposed aircraft storage facilities, the Airport would not be 
able to accommodate the unconstrained forecasted demand for aircraft basing and aircraft parking.  
Therefore, the number of operations would be constrained starting in year 2010, as documented in an 
updated forecast conducted by Ricondo & Associates.12  Due to an anticipated deficiency of based 
aircraft facilities starting in 2010, the constrained operations forecast includes a lower level of 
operations in comparison to the unconstrained operations forecast, under which forecasted demand 
for aircraft basing and parking would be accommodated.   


The assumed fleet mix at the Airport in 2019 remains constant with 2008 Existing Conditions.  
However, there is anticipated to be approximately 538 AAD operations under the 2019 No 
Action/No Project scenario, representing a general increase of 21 AAD operations at Gillespie Field 
over 2008 Existing Conditions. The increase from 2008 operations to 2019 No Action/ No Project 
Alternative forecast operations is attributable to “natural growth” of aircraft operations over time, 
and is not attributable to the Proposed Action.  Approximately 88 percent of total operations at the 
Airport under 2019 No Action/No Project Alternative conditions are associated with single-engine 
propeller aircraft, with approximately 10 percent of operations associated with multi-engine propeller 
aircraft, and two percent associated with jet aircraft.  Runway use, flight track location and flight 
track use is expected to be similar to 2008 Existing Conditions, because the alternative does not 
propose changes to the runways or air traffic procedures. 


1.4.2 2019 No Action/No Project Alternative Noise Exposure 
The following sections discuss the noise exposure map developed for 2019 No Action/No Project 
Alternative conditions and describe the associated impacts. 


1.4.2.1 Noise Exposure Map Area 
Exhibit I-10 depicts the 65, 70 and 75 CNEL noise exposure map under 2019 No Action/No Project 
Alternative conditions and Table I-9 summarizes noise effects associated with the Alternative.  
Approximately 389 acres of land are anticipated to fall within the areas exposed to aircraft noise of 
65 CNEL and higher, 309 acres of which is located within the boundaries of Gillespie Field.  
Approximately, 80 acres, or 21 percent of the total area exposed to 65 CNEL or higher, is located 
off-airport.  The majority of this area is located directly north and northwest of the airfield. 


12 Constrained Gillespie Field Aviation Activity Forecasts, Ricondo & Associates, Inc., September 9, 2008 
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Table I-8
Forecast Annual Average Day Aircraft Operations and Fleet Mix: 2019 No Action/No Project Alternative Conditions 


   Arrivals Departures Touch-and-Go's 


Aircraft Type INM 7.0 Designation Group Category Daytime Evening Nighttime Total Daytime Evening Nighttime Total Daytime Evening Nighttime Total 
Single-Engine Propeller                  


Cessna 172 CNA172 Single-Engine 12.48 0.95 0.09 13.52  12.53 0.96 0.09 13.57  18.56 1.42 0.13 20.11 
Cessna 206 CNA206 Single-Engine 6.24 0.47 0.04 6.76  6.27 0.48 0.04 6.78  9.28 0.71 0.06 10.05 
Cessna 206T CNA20T Single-Engine 6.24 0.47 0.04 6.76  6.27 0.48 0.04 6.78  9.28 0.71 0.06 10.05 
Single Engine (1985) COMSEP Single-Engine 12.48 0.95 0.09 13.52  12.47 0.95 0.09 13.51  18.56 1.42 0.13 20.11 
Single-Engine Fixed Prop GASEPF Single-Engine 62.41 4.76 0.43 67.61  62.36 4.76 0.43 67.54  92.81 7.08 0.64 100.53 
Single-Engine Variable Pitch Prop GASEPV Single-Engine 24.97 1.90 0.17 27.04 24.94 1.90 0.17 27.02 37.12 2.83 0.26 40.21


Single-Engine Propeller Total   124.83 9.52 0.86 135.21  124.83 9.52 0.86 135.21  185.62 14.15 1.29 201.06 
                 
Multi-Engine Propeller                 


Beech Baron 58 BEC58P Multi-Engine 7.18 0.95 0.30 8.43  7.12 0.98 0.33 8.43  20.79 1.58 0.15 22.52 
Cessna 441 CNA441 Multi-Engine 3.26 0.43 0.14 3.83  3.24 0.45 0.15 3.83  1.16 0.09 0.01 1.25 
DeHavilland Twin Otter DHC6 Multi-Engine 2.09 0.28 0.09 2.45  2.07 0.29 0.10 2.45  1.16 0.09 0.01 1.25 
Shorts 330 SD330 Multi-Engine 0.26 0.03 0.01 0.31  0.26 0.04 0.01 0.31  0.00 0.00 0.00 0.00 
Saab 340 SF340 Multi-Engine 0.26 0.03 0.01 0.31 0.26 0.04 0.01 0.31 0.00 0.00 0.00 0.00


Multi-Engine Propeller Total   13.05 1.73 0.55 15.32  12.94 1.79 0.59 15.32  23.10 1.76 0.16 25.02 
                 
Jet                 


Citation Jet CIT3 Jet 0.14 0.02 0.02 0.18  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 600 CL600 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 601 CL601 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Cessna 500 Citation Jet CNA500 Jet 0.14 0.02 0.02 0.18  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Cessna 550 Citation Jet CNA55B Jet 0.02 0.00 0.00 0.02  0.02 0.00 0.00 0.03  0.00 0.00 0.00 0.00 
Cessna 750 Citation X Jet CNA750 Jet 0.14 0.02 0.02 0.18  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Business Jet (1985) COMJET Jet 0.38 0.04 0.05 0.47  0.44 0.03 0.00 0.47  0.00 0.00 0.00 0.00 
Dassault Falcon 20 FAL20 Jet 0.14 0.02 0.02 0.18  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Gulfstream IV  GIV Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Gulfstream V  GV Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Gulfstream Astra 1125 IA1125 Jet 0.10 0.01 0.02 0.13  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Learjet 24/25 LEAR25 Jet 0.21 0.02 0.03 0.26  0.24 0.02 0.00 0.26  0.00 0.00 0.00 0.00 
Learjet 35/45/55/60 LEAR35 Jet 1.31 0.15 0.20 1.66  1.57 0.11 0.01 1.70  0.00 0.00 0.00 0.00 
Mitsubishi MU-300 Diamond MU3001 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
North American Saberliner 80 SABR80 Jet 0.07 0.01 0.01 0.09 0.08 0.01 0.00 0.09 0.00 0.00 0.00 0.00


Jet Total   4.40 0.49 0.66 5.55  5.16 0.38 0.02 5.55  0.00 0.00 0.00 0.00 
Total AAD Operations 538.25                


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding. 


Source: Ricondo & Associates, Inc., based on 2004 Gillespie Field ALP Narrative Report 2000 INM study files; County of San Diego Department of Public Works and FAA Gillespie Field Tower interviews, August 2008; Field observations, August 2008, and Gillespie Field Constrained Aviation Activity Forecast,, September 2008.
Prepared by: Ricondo & Associates, Inc., August 2008.  







Gillespie Field Aircraft  Noise Analysis October 2008


CNEL Aircraft Noise Exposure Area:
2019 No Action/No Project Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layer: 19na3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-9 
Summary of Potential Noise Exposure Effects:  2019 No Action/No Project Alternative Conditions 


Noise Level Range 
Total 


Acreage1/


Off-Airport
Area


(Acres)1/
Total 


Dwellings 
Estimated
Population 


Non-Residential 
Noise-Sensitive 


Parcels
2019 No Action/No Project      


65 to 70 CNEL 225.70 78.68 66.00 207.00 0.00 
70 to 75 CNEL 96.72 1.08 3.00 10.00 0.00 
75  CNEL and higher 66.64 0.00 0.00 0.00 0.00
65 CNEL and higher 389.06 79.76 69.00 217.00 0.00 


Note:
1/ Acreage totals may not add due to rounding. 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data.
Prepared by: Ricondo & Associates, Inc., August 2008. 


As with 2008 Existing Conditions, the 2019 No Action/No Project Alternative contour shape is 
directly influenced by the predominance of west flow operations at the Airport and the heavy usage 
by both departing and arriving aircraft of Runway 27R, which, as shown in Table I-4 in Section 
1.2.3, supports more than 70 percent of the Airport’s operations.  This is expected because the 
proposed action does not involve actions that would change the runway use and flight track use 
to/from Gillespie Field. 


1.4.2.2 Population and Dwelling Unit Count 
As depicted on Exhibit I-10, the area exposed to aircraft noise levels of 65 CNEL and higher 
includes land outside the Airport boundary directly north and northwest of the airfield. As 
summarized in Table I-9, approximately 66 dwelling units and 207 people within the areas exposed 
to aircraft noise between 65 and 70 CNEL.  Approximately three dwelling units and 10 people are 
located within areas exposed to aircraft noise levels of 70 CNEL and higher.  


1.4.2.3 Land Use Compatibility 
The noise-sensitive land uses potentially exposed to various levels of aircraft noise under 2019 No 
Action/No Project Alternative conditions were determined, as summarized in Table I-10.  Of the 
approximately 80 acres located off-Airport exposed to aircraft noise of 65 CNEL and higher, 
approximately 22 acres are in residential use based on San Diego County Tax Assessor’s Office 
parcel records.  The majority of the residential uses exposed to 65 CNEL and higher are single-
family, representing approximately 20 acres and including 65 dwelling units.  Multi-family 
residential uses located on two acres, including four dwelling units, are exposed to aircraft noise of 
65 CNEL and higher under 2008 Existing Conditions.  There are no non-residential noise-sensitive 
land uses (e.g., schools, places of worship, parks, hospitals, convalescent homes, etc.) located within 
the areas exposed to aircraft noise of 65 CNEL and higher. 
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Table I-10 
Potential Impacts to Residential and Non-Residential Noise-Sensitive Land Uses: 2019 No Action/No 
Project Alternative Conditions 


Unincorporated 
San Diego 


County City of El Cajon City of Santee Total 
65 CNEL and Above     
Residential     
Single-Family     
 Units 0.00 0.00 65.00 65.00 
 Acres 0.00 0.00 20.60 20.60 
 Population 0.00 0.00 205.00 205.00 
Multi-Family     
 Units 0.00 0.00 4.00 4.00 
 Acres 0.00 0.00 1.68 1.68 
 Population 0.00 0.00 12.00 12.00 
Total Residential     
 Units 0.00 0.00 69.00 69.00 
 Acres 0.00 0.00 22.28 22.28 
 Population 0.00 0.00 217.00 217.00 
     
Non-Residential Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 22.28 22.28 


Notes:
1/ Acreage totals may not equal the sum of individual values due to rounding 
2/ Population reflects 2000 Census data 


Source: Ricondo & Associates, Inc. based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 
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1.4.3 2019 Proposed Action Alternative Conditions 
The following sections discuss the aircraft noise exposure map developed for 2019 Proposed Action 
Alternative conditions and describe the associated potential impacts. 


1.4.3.1 Operational Characteristics 
Table I-11, below, describes the forecasted AAD operations and fleet mix at the Airport under 2019 
Proposed Action Alternative conditions, upon implementation of the Proposed Action.  The fleet mix 
at the Airport remains constant with 2008 Existing Conditions.  However, under 2019 Proposed 
Action Alternative conditions, there are anticipated to be approximately 574 AAD operations, 
representing a general increase in the number of aircraft utilizing Gillespie Field as compared to 
existing conditions.  The operation levels are forecasted higher compared to the 2019 No Action/No 
Project Alternative condition because the updated forecast concluded that with the implementation of 
proposed facilities, the unconstrained forecast operations demand would be met.13


Approximately 88 percent of operations at the Airport under 2019 Proposed Action Alternative 
conditions would be associated with single-engine propeller aircraft, with approximately 10 percent 
of operations associated with multi-engine propeller aircraft, and two percent associated with jet 
aircraft.  Runway use, flight track location and flight track use is expected to be similar to 2008 
Existing Conditions, because the Proposed Action does not propose changes to the runways or air 
traffic procedures. 


1.4.4 2019 Proposed Action Alternative Noise Exposure 
The following sections discuss the noise exposure contour developed under 2019 Proposed Action 
Alternative conditions and describe the associated potential impacts. 


1.4.4.1 Noise Exposure Map  
Exhibit I-11 depicts the 65, 70 and 75 CNEL noise exposure map and Table I-12 summarizes noise 
effects under 2019 Proposed Action Alternative conditions.  Approximately 411 acres of land are 
anticipated to fall within the 65 CNEL or higher noise exposure area, the majority of which is located 
within the boundaries of Gillespie Field.  Approximately, 90 acres, or 22 percent of the total area 
exposed to 65 CNEL or higher, is located off-airport.  The majority of this area is located directly 
north and northwest of the airfield.  This is expected because the alternative does not involve actions 
that would change the runway use and flight track use to/from Gillespie Field. 


As for 2008 Existing Conditions, the contour shape is directly influenced by the predominance of 
west flow operations at the Airport - 70 percent of the itinerant arrivals and departures occur on 
Runway 27R, which, as shown in Table I-4 in Section 1.2.3. 


13 Ricondo & Associates, Inc. Gillespie Field Unconstrained Aviation Activity Forecast. September 9, 2008. 
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Table I-11 
Annual Average Day Aircraft Operations and Fleet Mix: 2019 Proposed Action Alternative Forecasted Conditions 


   Arrivals Departures Touch-and-Go's 


Aircraft Type INM 7.0 Designation Group Category Daytime Evening Nighttime Total Daytime Evening Nighttime Total Daytime Evening Nighttime Total 
Single-Engine Propeller                 


Cessna 172 CNA172 Single-Engine 12.47 0.95 0.09 13.50  12.51 0.95 0.09 13.55  21.56 1.64 0.15 23.35 
Cessna 206 CNA206 Single-Engine 6.23 0.47 0.04 6.75  6.26 0.48 0.04 6.77  10.78 0.82 0.07 11.68 
Cessna 206T CNA20T Single-Engine 6.23 0.47 0.04 6.75  6.26 0.48 0.04 6.77  10.78 0.82 0.07 11.68 
Single Engine (1985) COMSEP Single-Engine 12.47 0.95 0.09 13.50  12.45 0.95 0.09 13.49  21.56 1.64 0.15 23.35 
Single-Engine Fixed Prop GASEPF Single-Engine 62.33 4.75 0.43 67.52  62.27 4.75 0.43 67.45  107.79 8.22 0.75 116.76 


Single-Engine Variable Pitch Prop GASEPV Single-Engine 24.93 1.90 0.17 27.01 24.91 1.90 0.17 26.98 43.12 3.29 0.30 46.70


Single-Engine Propeller Total   124.66 9.51 0.86 135.03  124.66 9.50 0.86 135.03  215.59 16.44 1.49 233.52 
                 


Multi-Engine Propeller                 
Beech Baron 58 BEC58P Multi-Engine 7.17 0.95 0.30 8.42  7.11 0.98 0.33 8.42  24.15 1.84 0.17 26.16 
Cessna 441 CNA441 Multi-Engine 3.26 0.43 0.14 3.83  3.23 0.45 0.15 3.83  1.34 0.10 0.01 1.45 
DeHavilland Twin Otter DHC6 Multi-Engine 2.08 0.28 0.09 2.45  2.07 0.29 0.09 2.45  1.34 0.10 0.01 1.45 
Shorts 330 SD330 Multi-Engine 0.26 0.03 0.01 0.31  0.26 0.04 0.01 0.31  0.00 0.00 0.00 0.00 


Saab 340 SF340 Multi-Engine 0.26 0.03 0.01 0.31 0.26 0.04 0.01 0.31 0.00 0.00 0.00 0.00


Multi-Engine Propeller Total   13.03 1.72 0.55 15.30  12.92 1.78 0.59 15.30  26.83 2.05 0.19 29.07 
Jet                    


Citation Jet CIT3 Jet 0.14 0.02 0.02 0.17  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 600 CL600 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 601 CL601 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Cessna 500 Citation Jet CNA500 Jet 0.14 0.02 0.02 0.17  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Cessna 550 Citation Jet CNA55B Jet 0.02 0.00 0.00 0.02  0.02 0.00 0.00 0.03  0.00 0.00 0.00 0.00 
Cessna 750 Citation X Jet CNA750 Jet 0.14 0.02 0.02 0.17  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Business Jet (1985) COMJET Jet 0.38 0.04 0.05 0.47  0.44 0.03 0.00 0.47  0.00 0.00 0.00 0.00 
Dassault Falcon 20 FAL20 Jet 0.14 0.02 0.02 0.17  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Gulfstream IV  GIV Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Gulfstream V  GV Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 
Gulfstream Astra 1125 IA1125 Jet 0.10 0.01 0.02 0.13  0.13 0.01 0.00 0.14  0.00 0.00 0.00 0.00 
Learjet 24/25 LEAR25 Jet 0.21 0.02 0.03 0.26  0.24 0.02 0.00 0.26  0.00 0.00 0.00 0.00 
Learjet 35/45/55/60 LEAR35 Jet 1.31 0.15 0.20 1.66  1.57 0.11 0.01 1.69  0.00 0.00 0.00 0.00 
Mitsubishi MU-300 Diamond MU3001 Jet 0.35 0.04 0.05 0.44  0.40 0.03 0.00 0.44  0.00 0.00 0.00 0.00 


North American Saberliner 80 SABR80 Jet 0.07 0.01 0.01 0.09 0.08 0.01 0.00 0.09 0.00 0.00 0.00 0.00


Jet Total   4.40 0.49 0.66 5.55  5.15 0.38 0.02 5.55  0.00 0.00 0.00 0.00 
Total AAD Operations 574.34                


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding. 


Source: Ricondo & Associates, Inc., based on 2004 Gillespie Field ALP Narrative Report 2000 INM study files; County of San Diego Department of Public Works and FAA Gillespie Field Tower interviews, August 2008; Field observations, August 2008, and Gillespie Field Unconstrained Aviation Activity Forecast,, September 
2008


Prepared by: Ricondo & Associates, Inc., August 2008. 







Gillespie Field Aircraft Noise Analysis October 2008


CNEL Aircraft Noise Exposure Area:
2019 Proposed Action Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layer: 19pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-12 
Summary Noise Exposure Effects:  2019 Proposed Action Alternative Conditions 


Noise Level Range 
Total 


Acreage1/


Off-Airport
Area


(Acres)1/
Total 


Dwellings 
Estimated


Population 


Non-Residential 
Noise-Sensitive 


Parcels
2019 Project      


65 to 70 CNEL 238.70 87.82 79.00 247.00 0.00 
70 to 75 CNEL 101.90 1.99 3.00 10.00 0.00 
75  CNEL and higher 69.99 0.00 0.00 0.00 0.00
65 CNEL and higher 410.59 89.81 82.00 257.00 0.00 


Note:
1/ Acreage totals may not add due to rounding. 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008.   


Prepared by: Ricondo & Associates, Inc., August 2008. 


1.4.4.2 Population and Dwelling Unit Count 
As depicted on Exhibit I-11, the area exposed to aircraft noise levels of 65 CNEL and higher 
includes land outside the Airport boundary directly north and northwest of the airfield.  As 
summarized in Table I-12, approximately 79 dwelling units and 247 people are exposed to aircraft 
noise between 65 to 70 CNEL.  Approximately three dwelling units and 10 people are exposed to 
aircraft noise levels of 70 CNEL or higher.  


1.4.4.3 Land Use Compatibility 
The noise-sensitive land uses that would be potentially exposed to various levels of aircraft noise 
under 2019 Proposed Action Alternative conditions were determined, as summarized in Table I-13.
Of the 90 acres located off-Airport exposed to aircraft noise of 65 CNEL and higher, approximately 
28 acres are developed in residential use according to San Diego County Tax Assessor’s parcel 
records.  The majority of the residential uses exposed to 65 CNEL and higher, 26 acres, are single-
family in use and include 78 dwelling units.  Multi-family residential uses located on two acres, 
including four dwelling units, are exposed to aircraft noise of 65 CNEL and higher under 2019 
Proposed Action Alternative conditions.  There would be no non-residential noise-sensitive land uses 
located within the areas exposed to aircraft noise of 65 CNEL and higher. 


1.4.5 Comparison of 2019 Proposed Action Alternative with 2019 No Action/No 
Project Alternative Conditions (FAA/NEPA Comparison) 


The following sections compare forecasted 2019 Proposed Action Alternative conditions with 2019 
No Action/No Project Alternative conditions. 
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Table I-13 
Potential Impacts on Residential and Non-Residential Noise-Sensitive Uses:  2019 Proposed Action 
Alternative Conditions 


Unincorporated 
San Diego 


County City of El Cajon City of Santee Total 
65 CNEL and Above     
Residential     
Single-Family     
 Units 0.00 0.00 78.00 78.00 
 Acres 0.00 0.00 26.37 26.37 
 Population 0.00 0.00 245.00 245.00 
Multi-Family     
 Units 0.00 0.00 4.00 4.00 
 Acres 0.00 0.00 1.68 1.68 
 Population 0.00 0.00 12.00 12.00 
Total Residential     
 Units 0.00 0.00 82.00 82.00 
 Acres 0.00 0.00 28.05 28.05 
 Population 0.00 0.00 257.00 257.00 
Non-Residential Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 28.05 28.05 


Notes:
1/ Acreage totals may not equal the sum of individual values due to rounding
2/ Population reflects 2000 Census data


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008.
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1.4.5.1 Noise Exposure Map Area 
Exhibit I-12 depicts a comparison of the forecasted 65 CNEL and higher noise exposure area under 
2019 No Action/No Project Alternative and 2019 Proposed Action Alternative conditions.  The 2019 
Proposed Action Alternative size is slightly larger than the 2019 No Action/No Project Alternative, 
due to the Proposed Action Alternative’s ability to serve the unconstrained demand forecasted at the 
Airport.  The difference in size is primarily due to the difference in total AAD operations between 
2019 No Action/No Project Alternative and 2019 Proposed Action Alternative, which is 36 AAD 
operations. Table I-14, below, provides a comparison between the 2019 Proposed Action 
Alternative and 2019 No Action/No Project Alternative conditions.  The total area of off-airport land 
exposed to aircraft noise levels of 65 CNEL or higher would potentially increase by 22 acres (or five 
percent) under 2019 Proposed Action Alternative conditions compared to 2019 No Action/No Project 
Alternative conditions. 


Table I-14 
Summary Noise Exposure Effects:  2019 Proposed Action Alternative Compared with 2019 No Action/No 
Project Alternative Conditions 


Noise Level Range Total Acreage 3/


Off-Airport 
Area


(Acres)3/
Total 


Dwellings 
Estimated


Population


Non-Residential
Noise-Sensitive


Parcels


Project (2019)      
65 to 70 CNEL 238.70 87.82 79.00 247.00 0.00 
70 to 75 CNEL 101.90 1.99 3.00 10.00 0.00 
75 CNEL and higher 69.99 0.00 0.00 0.00 0.00 


Total 65 CNEL and higher 410.59 89.81 82.00 257.00 0.00 
No Action (2019) 1/      


65-70 CNEL 225.70 78.68 66.00 207.00 0.00 
70-75 CNEL 96.72 1.08 3.00 10.00 0.00 
75  CNEL 66.64 0.00 0.00 0.00 0.00 


Total 65 CNEL and higher 389.06 79.76 69.00 217.00 0.00 
Difference Between Project (2019) 
and No Action (2019) 1/, 2/


     


65-70 CNEL 13.00 9.14 13.00 40.00 0.00 
70-75 CNEL 5.18 0.91 0.00 0.00 0.00 
75  CNEL 3.35 0.00 0.00 0.00 0.00 


Total 65 CNEL and higher 21.53 10.05 13.00 40.00 0.00 


Notes:
1/ A positive value indicates that 2019 Proposed Action Alternative conditions reflect numbers greater than 


those for 2019 No Action/No Project Alternative conditions; a negative number indicates that 2019 Proposed 
Action Alternative conditions reflect number less than 2019 No Action/No Project Alternative conditions. The 
values reported in each cell above indicate a net difference. Some jurisdictions may experience increased 
noise levels while other areas may experience a decrease.


2/ Population and dwelling unit information for 2019 conditions are reported using a year 2000 Census data 
base.


3/ Acreage totals may not equal the sum of individual values.


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 
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CNEL Aircraft Noise Exposure Area:
Comparison between 2019 No Action/No Project Alternative and 2019 Proposed Action Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 19na3Noise-Contours, 19pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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1.4.5.2 Population and Dwelling Impact 
Table I-14 also presents a comparison of the population and dwelling unit counts for 2019 Proposed 
Action Alternative and 2019 No Action/No Project Alternative conditions.  Under 2019 Proposed 
Action Alternative conditions, the number of dwelling units anticipated to be exposed to aircraft 
noise of 65 CNEL and higher would be 13 more and the total population exposed to aircraft noise of 
65 CNEL and higher would be 40 more than under to the 2019 No Action/No Project Alternative 
conditions.


1.4.5.3 Land Use Compatibility 
Exhibit I-13 depicts the location and Table I-15 shows a summary of areas by jurisdiction that are 
newly exposed to aircraft noise of 65 CNEL and higher for 2019 Proposed Action Alternative 
conditions compared to 2019 No Action/No Project Alternative conditions.  As shown in Table 1-15,
all newly exposed areas fall within the City of Santee and as seen on Exhibit 1-13, are located 
directly northwest of the Airport, just north of the City of El Cajon city limits.  As stated in Section 
1.4.5.2, approximately 13 dwelling units are anticipated to be newly exposed, on a total of 
approximately six acres.  The total population newly exposed would include 40 people.  No new non-
residential noise-sensitive facilities would be newly exposed to aircraft noise of 65 CNEL and higher. 


1.4.5.4 Federal Threshold of Significance Analysis 
The following sections evaluate the potential for significant impacts on noise sensitive land uses as 
identified by San Diego County Tax Assessor’s parcel records that would arise as a result of the 2019 
Proposed Action Alternative compared to 2019 No Action/No Project Alternative conditions.  As 
described in Section 1.3, an increase in aircraft noise of 1.5 CNEL or more within the area exposed to 
aircraft noise of 65 CNEL and higher under the 2019 Proposed Action Alternative condition 
compared to the 2019 No Action/No Project Alternative represents a significant noise impact for 
NEPA purposes. 


Based on the comparative analysis, no new or existing noise-sensitive areas exposed to aircraft noise 
of 65 CNEL and higher under the Proposed Action  Alternative would be exposed to an increase of 
1.5 CNEL or higher under 2019 Proposed Action Alternative conditions compared to 2019 No 
Action/No Project Alternative conditions.  Therefore, no potentially significant noise impacts under 
NEPA are anticipated. 


1.4.6 Comparison of 2019 No Action/No Project Alternative with 2008 Existing 
Conditions (CEQA Comparison) 


As described in Section 1.3, above, CEQA requires a comparison of the future year alternatives with 
“baseline conditions” for purposes of evaluating potential significant impacts.  For purposes of this 
comparison the baseline represents existing conditions.  The following sections compare 2019 No 
Action/No Project Alternative conditions with 2008 Existing Conditions.  
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CNEL Aircraft Noise Exposure Area:
Location of Newly Exposed Land Use 


(Comparison between 2019 Proposed Action Alternative and 2019 No Action/No Project Alternative)


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 19na3Noise-Contours, 19pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-15 
Newly Exposed Residential and Noise Sensitive Land Use Areas: 2019 Proposed Action Alternative 
Compared with 2019 No Action/No Project Alternative Conditions 


Unincorporated 
San Diego County City of El Cajon City of Santee Total 


65 CNEL and Above     
Residential     
Single-Family     
 Units 0.00 0.00 13.00 13.00 
 Acres 0.00 0.00 5.76 5.76 
 Population 0.00 0.00 40.00 40.00 
Multi-Family     
 Units 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
 Population     
Total Residential     
 Units 0.00 0.00 13.00 13.00 
 Acres 0.00 0.00 5.76 5.76 
 Population 0.00 0.00 40.00 40.00 
     
Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 5.76 5.76 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008.   


Prepared by: Ricondo & Associates, Inc., August 2008. 
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1.4.6.1 Noise Exposure Map  
Exhibit I-14 depicts a comparison of the area exposed to aircraft noise of 65 CNEL and higher under 
the 2019 No Action/No Project Alternative compared with 2008 Existing Conditions.  To the east 
and west, the 2008 Existing Conditions aircraft noise exposure areas are slightly smaller than the 
2019 No Action/No Project Alternative contour and can be attributed to the smaller number of total 
forecast aircraft operations.  The number of AAD operations at the Airport is forecasted to increase 
to 538 operations under 2019 No Action/No Project Alternative conditions, compared to 517 
operations under 2008 Existing Conditions.14 This represents about a four percent increase of based 
aircraft growth the Airport could accommodate with existing aircraft storage facilities (without 
implementation of the Proposed Action).  Table I-16, below, provides a comparison between 2008 
Existing Conditions and 2019 No Action/No Project Alternative conditions.   


Table I-16 
Forecasted Summary Noise Exposure Effects:  2008 Existing Conditions Compared with 2019 No Action/ 
No Project Alternative 


Noise Level Range 
Total Acreage 


Over Land3/
Off-Airport 


Area (Acres)3/
Total 


Dwellings 
Estimated


Population


Non-Residential
Noise-Sensitive


Parcels
2019 No Action/No Project       


65 to 70 CNEL 225.70 78.68 66.00 207.00 0.00 
70 to 75 CNEL 96.72 1.08 3.00 10.00 0.00 
75 CNEL and higher 66.64 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 389.06 79.76 69.00 217.00 0.00 
      
2008 Baseline Conditions 1/      


65-70 CNEL 216.20 68.88 57.00 181.00 0.00 
70-75 CNEL 93.27 0.27 0.00 0.00 0.00 
75  CNEL 61.54 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 371.00 69.15 57.00 181.00 0.00 
      
Difference Between 2019 Proposed 
Action and 2008 baseline 
Conditions 1/, 2/


     


65-70 CNEL 9.50 9.80 9.00 26.00 0.00 
70-75 CNEL 3.45 0.81 3.00 10.00 0.00 
75  CNEL 5.10 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 18.06 10.61 12.00 36.00 0.00 


Notes:
1/ A positive value indicates that 2019 Proposed Action Alternative conditions reflect numbers greater than 


those for 2019 No Action/No Project Alternative conditions; a negative number indicates that 2019 Proposed 
Action Alternative conditions reflect number less than 2019 No Action/No Project Alternative conditions. The 
values reported in each cell above indicate a net difference. Some jurisdictions may experience increased 
noise levels while other areas may experience a decrease.


2/ Population and dwelling unit information for 2019 conditions are reported using a year 2000 Census data 
base.


3/ Acreage totals may not equal the sum of individual values.


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August  2008.   


Prepared by: Ricondo & Associates, Inc., 2008. 


14  Ricondo & Associates, Inc. Gillespie Field Constrained Airport Activity Forecast. September 9, 2008 
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CNEL Aircraft Noise Exposure Area:
Comparison between 2008 Existing Conditions and 2019 No Action/No Project Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 08ctr3Noise-Contours, 19na3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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1.4.6.2 Population and Dwelling Unit Impact 
Table I-17, below, presents a comparison of the population and dwelling unit counts for 2019 No 
Action/No Project Alternative and 2008 Existing Conditions.  Under 2019 No Action/No Project 
Alternative conditions, noise-sensitive residential area are anticipated to increase by five acres, the 
number of dwelling units within the 65 CNEL contour would increase by 12, and the total population 
would increase by 36 people in comparison to 2008 Existing Conditions. 


Table I-17
Newly Exposed Residential and Noise Sensitive Land Use Areas: Forecasted 2019 No Action/No Project 
Alternative Compared with 2008 Existing Conditions by Jurisdiction 


Impact Category 


Unincorporated 
San Diego 


County 
City of El 


Cajon City of Santee Total 
65 CNEL and Greater     
Net Change in Acres Exposed 0.00 0.00 4.63 4.63 
Net Change in Units Exposed 0.00 0.00 12.00 12.00 
Net Change in Population 
   Exposed 


0.00 0.00 36.00 36.00 


Net Change in Non-residential  
   Noise-Sensitive 
   Uses Exposed 


0.00 0.00 0.00 0.00 


Newly Exposed Units 0.00 0.00 12.00 12.00 
Newly Exposed Population 0.00 0.00 36.00 36.00 
Newly Exposed 
   Non-residential 
   Noise-sensitive Uses 


0.00 0.00 0.00 0.00 


75 CNEL and Higher 0.00 0.00 0.00 0.00 
Net Change in Acres Exposed 0.00 0.00 0.00 0.00 
Net Change in Units Exposed 0.00 0.00 0.00 0.00 
Net Change in Population 
   Exposed 


0.00 0.00 0.00 0.00 


Newly Exposed Units 0.00 0.00 0.00 0.00 
Newly Exposed Population 0.00 0.00 0.00 0.00 
1.5 CNEL increase in areas exposed to 65 
CNEL and Higher 


0.00 0.00 0.00 0.00 


Units Exposed 0.00 0.00 0.00 0.00 
Population Exposed 0.00 0.00 0.00 0.00 
Non-residential 
   Noise-Sensitive Uses 
   exposed  


0.00 0.00 0.00 0.00 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August  2008.   


Prepared by: Ricondo & Associates, Inc., 2008. 


1.4.6.3 Land Use Compatibility 
Exhibit I-14 depicts the location and Table I-17 shows a summary of areas by jurisdiction that are 
forecast to be newly exposed to noise levels of 65 CNEL and higher for 2019 No Action/No Project 
Alternative conditions compared to 2008 Existing Conditions.  As shown in Table I-17, all newly 
exposed areas fall within the City of Santee and as depicted on Exhibit I-14, are generally located 
northwest of the Airport, just north of the City of El Cajon city limits.  Approximately 12 dwelling 
units would be newly exposed, representing a total of five acres.  No new non-residential noise-
sensitive facilities would be newly exposed to aircraft noise of 65 CNEL and higher.  
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1.4.6.4 CEQA Threshold of Significance Analysis 
Based on the comparative analysis, no new or existing noise-sensitive areas exposed to aircraft noise 
of 65 CNEL and higher would be exposed to an increase of 1.5 CNEL or higher under 2019 No 
Action/No Project Alternative conditions compared to 2008 Existing Conditions.  Therefore, no 
potentially significant noise impacts are anticipated. 


1.4.7 Comparison of 2019 Proposed Action Alternative with 2008 Existing 
Conditions (CEQA Comparison) 


The following sections compare 2019 Proposed Action Alternative conditions with 2008 Existing 
Conditions.


1.4.7.1 Noise Exposure Map  
Exhibit I-15 depicts a comparison of the area exposed to aircraft noise of 65 CNEL and higher under 
2019 Proposed Action Alternative conditions compared with 2008 Existing Conditions.  To the east 
and west, the 2008 Existing Conditions aircraft noise exposure areas are slightly smaller than the 
2019 Proposed Action Alternative contour and can be attributed to the smaller number of total 
aircraft operations.  The number of AAD operations at the Airport are forecasted to increase to 574 
operations under 2019 Proposed Action Alternative conditions, compared to 517 operations under 
2008 Existing Conditions.15  This represents an 11 percent increase, but not all induced by the 
Proposed Action Alternative.  As mentioned in Section 1.4.6, 538 of the 574 AAD operations can be 
accommodated if the Proposed Action Alternative is not implemented.  If the Proposed Action 
Alternative is implemented, the Airport would be able to accommodate the forecasted unconstrained 
demand, which is a difference of 36 AAD operations.  Therefore, approximately seven percent of the 
total growth in operations between 2008 Existing Conditions and 2019 Proposed Action Alternative 
scenario may be attributed to the project. 


Table I-18, below, provides a comparison between 2008 Existing Conditions and 2019 Proposed 
Action Alternative conditions.  The total area of off-airport land exposed to aircraft noise of 65 
CNEL and higher increases by 21 acres under 2019 Proposed Action Alternative conditions 
compared to 2008 Existing Conditions. 


1.4.7.2 Population and Dwelling Impact 
As shown in Table I-19, there is an increase in the number of dwelling units and total population 
impacted under 2019 Proposed Action Alternative conditions compared to 2008 Existing Conditions.  
There is a net increase of ten acres, 25 dwelling units, and 76 people exposed to noise levels in 
excess of 65 CNEL under 2019 Proposed Action Alternative conditions compared to 2008 Existing 
Conditions.


1.4.7.3 Land Use Compatibility 
The noise-sensitive land uses, based on San Diego County Tax Assessor’s parcel records, exposed to 
various levels of aircraft noise under 2019 Proposed Action Alternative conditions compared to 2008 
Existing Conditions are summarized in Table I-19.  In comparison to 2008 Existing Conditions, a 
total of ten acres would be newly exposed to aircraft noise of 65 CNEL and higher under 2019 
Proposed Action Alternative conditions.  


15 Unconstrained Gillespie Field Aviation Activity Forecasts, Ricondo & Associates, Inc., September 9, 2008 
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CNEL Aircraft Noise Exposure Area:
Comparison between 2008 Existing Conditions and 2019 Proposed Action Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 08cntr3Noise-Contours, 19pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-18 
Summary Noise Exposure Effects:  Forecasted 2019 Proposed Action Alternative Compared with 2008 
Existing Conditions 


Noise Level Range Total Acreage 3/
Off-Airport 


Area (Acres)3/
Total 


Dwellings 
Estimated


Population


Non-Residential
Noise-Sensitive


Parcels
2019 Proposed Action Alternative      


65 to 70 CNEL 238.70 87.82 79.00 247.00 0.00 
70 to 75 CNEL 101.90 1.99 3.00 10.00 0.00 
75 CNEL and higher 69.99 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 410.59 89.81 82.00 257.00 0.00 
      


2008 Baseline Conditions 1/      
65-70 CNEL 216.20 68.88 57.00 181.00 0.00 
70-75 CNEL 93.27 0.27 0.00 0.00 0.00 
75  CNEL 61.54 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 371.00 69.15 57.00 181.00 0.00 
      


Difference Between 2019 Proposed 
Action Alternative and 2008 
baseline Conditions 1/, 2/      


65-70 CNEL 22.50 18.94 22.00 66.00 0.00 
70-75 CNEL 8.63 1.72 3.00 10.00 0.00 
75  CNEL 8.45 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 39.59 20.66 25.00 76.00 0.00 


Notes:
1/ A positive value indicates that 2019 Proposed Action Alternative conditions reflect numbers greater than 


those for 2019 No Action/No Project Alternative conditions; a negative number indicates that 2019 Proposed 
Action Alternative conditions reflect number less than 2019 No Action/No Project conditions. The values 
reported in each cell above indicate a net difference. Some jurisdictions may experience increased noise 
levels while other areas may experience a decrease.


2/ Population and dwelling unit information for 2019 conditions are reported using a year 2000 Census data 
base.


3/ Acreage totals may not equal the sum of individual values. 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 


1.4.7.4 CEQA Threshold of Significance Analysis 
In comparison to 2008 Existing Conditions, under 2019 Proposed Action Alternative conditions there 
would be no areas exposed to an increase of 1.5 CNEL within areas that are either already or newly 
exposed to 65 CNEL or higher.  Therefore, no potentially significant noise impacts are anticipated. 


1.5 2024 Five Year Post Project Conditions 
The following sections compare 2024 Proposed Action Alternative conditions with 2024 No 
Action/No Project Alternative conditions pursuant to FAA Order 1050.1E, Environmental Impacts: 
Policies and Procedures.  The consideration of potential impacts five years past the implementation 
of the project is a requirement per FAA analysis and is accordingly considered only under NEPA 
thresholds and impact analysis. 
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Table I-19
Newly Exposed Residential and Noise Sensitive Land Use Areas: Forecasted 2019 Proposed Action 
Alternative Compared with 2008 Existing Conditions by Jurisdiction 


Impact Category 
Unincorporated 


San Diego County City of El Cajon City of Santee Total 
65 CNEL and Greater     
Net Change in Acres Exposed 0.00 0.00 10.40 10.40 
Net Change in Units Exposed 0.00 0.00 25.00 25.00 
Net Change in Population 
   Exposed 


0.00 0.00 76.00 76.00 


Net Change in Non-residential  
   Noise-Sensitive 
   Uses Exposed 


0.00 0.00 0.00 0.00 


Newly Exposed Units 0.00 0.00 25.00 25.00 
Newly Exposed Population 0.00 0.00 76.00 76.00 
Newly Exposed 
   Non-residential 
   Noise-sensitive Uses 


0.00 0.00 0.00 0.00 


75 CNEL and Higher 0.00 0.00 0.00 0.00 
Net Change in Acres Exposed 0.00 0.00 0.00 0.00 
Net Change in Units Exposed 0.00 0.00 0.00 0.00 
Net Change in Population 
   Exposed 


0.00 0.00 0.00 0.00 


Newly Exposed Units 0.00 0.00 0.00 0.00 
Newly Exposed Population 0.00 0.00 0.00 0.00 
1.5 CNEL increase in areas exposed to 65 
CNEL and Higher 


0.00 0.00 0.00 0.00 


Units Exposed 0.00 0.00 0.00 0.00 
Population Exposed 0.00 0.00 0.00 0.00 
Non-residential 
   Noise-Sensitive Uses 
   exposed


0.00 0.00 0.00 0.00 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August  2008.   


Prepared by: Ricondo & Associates, Inc., 2008. 


1.5.1 2024 No Action/No Project Alternative Conditions 
The following sections discuss the aircraft noise exposure map developed for 2024 No Action/No 
Project Alternative conditions and describe the associated impacts. 


1.5.1.1 Operational Characteristics 
Table I-20 below, describes the AAD operations and fleet mix at the Airport under 2024 No 
Action/No Project Alternative conditions according to the updated constrained operations forecast.16


The fleet mix at the Airport remains constant with 2008 Existing Conditions.  However, as shown in 
Table I-20, under 2024 No Action/No Project Alternative conditions, there are approximately 620 
AAD operations, representing a general increase in the number of aircraft utilizing Gillespie Field 
compared to 2008.  Approximately 88 percent of operations at the Airport under 2024 No Action/No 
Project Alternative conditions are anticipated to be associated with single-engine propeller aircraft, 
with nine percent of operations associated with multi-engine propeller aircraft, and two percent 
associated with jet aircraft. 


16 Ricondo & Associates, Inc., Gillespie Field Constrained Aviation Activity Forecast. September 9, 2008. 
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Table I-20
Forecasted Annual Average Day Aircraft Operations and Fleet Mix: 2024 No Action/No Project Alternative Conditions 


   Arrivals Departures Touch-and-Go's 


Aircraft Type INM 7.0 Designation Group Category Daytime Evening Nighttime Total Daytime Evening Nighttime Total Daytime Evening Nighttime Total 
Single-Engine Propeller                 


Cessna 172 CNA172 Single-Engine 14.95 1.14 0.10 16.19  15.00 1.14 0.11 16.25  20.67 1.58 0.14 22.39 
Cessna 206 CNA206 Single-Engine 7.47 0.57 0.05 8.09  7.50 0.57 0.05 8.12  10.34 0.79 0.07 11.20 
Cessna 206T CNA20T Single-Engine 7.47 0.57 0.05 8.09  7.50 0.57 0.05 8.12  10.34 0.79 0.07 11.20 
Single Engine (1985) COMSEP Single-Engine 14.95 1.14 0.10 16.19  14.94 1.14 0.11 16.18  20.67 1.58 0.14 22.39 
Single-Engine Fixed Prop GASEPF Single-Engine 74.75 5.70 0.52 80.97  74.68 5.70 0.51 80.89  103.35 7.88 0.72 111.95 
Single-Engine Variable Pitch Prop GASEPV Single-Engine 29.90 2.28 0.21 32.39 29.87 2.28 0.21 32.35 41.34 3.15 0.29 44.78


Single-Engine Propeller Total   149.50 11.40 1.03 161.93  149.50 11.40 1.03 161.93  206.71 15.76 1.43 223.90 
                 
Multi-Engine Propeller                 


Beech Baron 58 BEC58P Multi-Engine 7.85 1.04 0.33 9.22  7.78 1.08 0.36 9.22  20.94 1.60 0.15 22.68 
Cessna 441 CNA441 Multi-Engine 3.57 0.47 0.15 4.19  3.54 0.49 0.16 4.19  1.16 0.09 0.01 1.26 
DeHavilland Twin Otter DHC6 Multi-Engine 2.28 0.30 0.10 2.68  2.26 0.31 0.10 2.68  1.16 0.09 0.01 1.26 
Shorts 330 SD330 Multi-Engine 0.29 0.04 0.01 0.34  0.28 0.04 0.01 0.34  0.00 0.00 0.00 0.00 
Saab 340 SF340 Multi-Engine 0.29 0.04 0.01 0.34 0.28 0.04 0.01 0.34 0.00 0.00 0.00 0.00


Multi-Engine Propeller Total   14.27 1.89 0.60 16.76  14.15 1.95 0.65 16.76  23.27 1.77 0.16 25.20 
                 
Jet                 


Citation Jet CIT3 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 600 CL600 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 601 CL601 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Cessna 500 Citation Jet CNA500 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Cessna 550 Citation Jet CNA55B Jet 0.02 0.00 0.00 0.03  0.03 0.00 0.00 0.03  0.00 0.00 0.00 0.00 
Cessna 750 Citation X Jet CNA750 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Business Jet (1985) COMJET Jet 0.45 0.05 0.06 0.57  0.52 0.04 0.00 0.56  0.00 0.00 0.00 0.00 
Dassault Falcon 20 FAL20 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Gulfstream IV  GIV Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Gulfstream V  GV Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Gulfstream Astra 1125 IA1125 Jet 0.12 0.01 0.02 0.15  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Learjet 24/25 LEAR25 Jet 0.25 0.03 0.04 0.32  0.29 0.02 0.00 0.31  0.00 0.00 0.00 0.00 
Learjet 35/45/55/60 LEAR35 Jet 1.57 0.18 0.24 1.98  1.88 0.14 0.01 2.02  0.00 0.00 0.00 0.00 
Mitsubishi MU-300 Diamond MU3001 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
North American Saberliner 80 SABR80 Jet 0.08 0.01 0.01 0.10 0.09 0.01 0.00 0.10 0.00 0.00 0.00 0.00


Jet Total   5.25 0.59 0.79 6.63  6.15 0.45 0.03 6.63  0.00 0.00 0.00 0.00 
Total AAD Operations 619.73                


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding. 


Source: Ricondo & Associates, Inc., based on 2004 Gillespie Field ALP Narrative Report 2000 INM study files; County of San Diego Department of Public Works and FAA Gillespie Field Tower interviews, August 2008; Field observations, August 2008, and Gillespie Field Constrained Aviation Activity Forecast,, September 2008. 
Prepared by: Ricondo & Associates, Inc., August 2008. 







Gillespie Field 


Gillespie Field Aircraft Noise Analysis 50 October 2008 


1.5.2 2024 No Action/No Project Alternative Noise Exposure 
The following sections discuss the aircraft noise exposure developed under 2024 No Action/No 
Project Alternative conditions and describe the associated impacts. 


1.5.2.1 Noise Exposure Map  
Exhibit I-16 depicts the 65, 70 and 75 CNEL noise contour and Table I-21 summarizes noise effects 
under forecasted 2024 No Action/No Project Alternative conditions.  Approximately 429 acres of 
land are anticipated to be exposed to aircraft noise of 65 CNEL and higher, the majority of which is 
located within the boundaries of Gillespie Field.  Approximately, 103 acres or 24 percent of the total 
area exposed to aircraft noise of 65 CNEL and higher, is located off-airport.  The majority of this 
area is located directly north and northwest of the airfield.   


Table I-21 
Summary of Potential Noise Exposure Effects:  2024 No Action/No Project Alternative Conditions 


Noise Level Range 
Total 


Acreage 1/


Off-Airport
Area


(Acres)1/
Total 


Dwellings 
Estimated


Population 


Non-Residential 
Noise-Sensitive 


Parcels
2024 Five-Year Post Project      


65 to 70 CNEL 249.20 99.45 93.00 289.00 0.00 
70 to 75 CNEL 104.40 3.61 6.00 19.00 0.00 
75  CNEL and higher 75.88 0.00 0.00 0.00 0.00
65 CNEL and higher 429.48 103.06 99.00 308.00 0.00 


Note:
1/ Acreage totals may not add due to rounding. 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008.   


Prepared by: Ricondo & Associates, Inc., August 2008. 


As for 2008 Existing Conditions, the contour shape is directly influenced by the predominance of 
west flow operations at the Airport - 70 percent of the itinerant arrivals and departures occur on 
Runway 27R, which, as shown in Table I-4 in Section 1.2.3.. 


1.5.2.2 Population and Dwelling Unit Count 
As depicted on Exhibit I-16, the area exposed to aircraft noise of 65 CNEL and higher includes land 
outside the Airport boundary directly north and northwest of the airfield. As shown in Table I-21,
approximately 93 dwelling units and 289 people are anticipated to be located in areas exposed to 
aircraft noise between 65 and 70 CNEL.  An additional 19 people and six dwelling unit are located 
within areas exposed to aircraft noise of 70 CNEL and higher. 


1.5.2.3 Land Use Compatibility 
The noise-sensitive land uses, as provided by San Diego County Tax Assessor’s parcel records, 
exposed to various levels of aircraft noise under 2024 No Action/No Project Alternative conditions 
were determined, as summarized in Table I-22.  Of the 103 acres located off-airport exposed to 
aircraft noise of 65 CNEL and higher, approximately 33 acres are identified as residential use.  The 
majority of the residential uses exposed to 65 CNEL and higher, 31 acres, are single-family in use 
and include 78 dwelling units.  Multi-family residential uses located on two acres, including six 
dwelling units, are exposed to aircraft noise of 65 CNEL and higher under 2024 No Action/No 
Project Alternative conditions.  There are no non-residential noise-sensitive land uses located within 
the areas exposed to aircraft noise of 65 CNEL and higher. 
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Table I-22 
Potential Impacts on Residential and Non-Residential Noise-Sensitive Uses:  2024 No Action/No Project 
Alternative Conditions 


Unincorporated 
San Diego County 


City of El 
Cajon City of Santee Total 


65 CNEL and Above     


Residential     
Single-Family     
 Units 0.00 0.00 93.00 93.00 
 Acres 0.00 0.00 30.86 30.86 
 Population 0.00 0.00 290.00 290.00 
Multi-Family     
 Units 0.00 0.00 6.00 6.00 
 Acres 0.00 0.00 2.05 2.05 
 Population 0.00 0.00 18.00 18.00 
Total Residential     
 Units 0.00 0.00 99.00 99.00 
 Acres 0.00 0.00 32.91 32.91 
 Population 0.00 0.00 308.00 308.00 
Non-Residential Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 32.91 32.91 


Notes:
1/ Acreage totals may not equal the sum of individual values due to rounding 
2/ Population reflects 2000 Census data 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 
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1.5.3 2024 Proposed Action Alternative Conditions 
The following sections discuss the aircraft noise exposure map developed for forecasted 2024 
Proposed Action Alternative conditions and describe the associated potential impacts. 


1.5.3.1 Operational Characteristics 
Table I-23, below, describes the AAD operations and fleet mix at the Airport under 2024 Proposed 
Action Alternative conditions according to the updated unconstrained operations forecast.17  The fleet 
mix at the Airport remains constant with 2008 Existing Conditions.  However, under 2024 Proposed 
Action Alternative conditions, there are approximately 682 AAD operations, representing a general 
increase in the number of aircraft utilizing Gillespie Field.  Approximately 89 percent of operations 
at the Airport under 2024 Proposed Action Alternative conditions are associated with single-engine 
propeller aircraft, with 10 percent of operations associated with multi-engine propeller aircraft, and 
two percent associated with jet aircraft. 


1.5.4 2024 Proposed Action Alternative Noise Exposure 
The following sections discuss the aircraft noise exposure developed under 2024 Proposed Action 
Alternative conditions and describe the associated impacts. 


1.5.4.1 Noise Exposure Map  
Exhibit I-17 depicts the 65, 70 and 75 CNEL noise exposure areas and Table I-24 summarizes 
potential noise effects under 2024 Proposed Action Alternative conditions.  Approximately 465 acres 
of land would be exposed to aircraft noise of 65 CNEL and higher, the majority of which is located 
within the boundaries of Gillespie Field.  Approximately, 121 acres of the total area exposed to 
aircraft noise of 65 CNEL and higher, is located off-airport.  The majority of this area is located 
directly north and northwest of the airfield.   


As with 2008 Existing Conditions, the contour shape is directly influenced by the predominance of 
west flow operations at the Airport - 70 percent of the itinerant arrivals and departures occur on 
Runway 27R, which, as shown in Table I-4 in Section 1.2.3. 


1.5.4.2 Population and Dwelling Unit Count 
As depicted on Exhibit I-17, the area exposed to aircraft noise of 65 CNEL and higher includes land 
outside the Airport boundary directly north and northwest of the airfield. As shown in Table I-24,
approximately 126 dwelling units and 387 people are located in areas exposed to aircraft noise 
between 65 and 70 CNEL.  An additional 23 people and seven dwelling units are located within areas 
exposed to aircraft noise of 70 CNEL and higher. 


17 Ricondo & Associates, Inc. Gillespie Field Unconstrained Aviation Activity Forecast. September 9, 2008. 
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Table I-23
Forecasted Annual Average Day Aircraft Operations and Fleet Mix: 2024 Proposed Action Alternative Conditions 


   Arrivals Departures Touch-and-Go's 


Aircraft Type INM 7.0 Designation Group Category Daytime Evening Nighttime Total Daytime Evening Nighttime Total Daytime Evening Nighttime Total 
Single-Engine Propeller                 


Cessna 172 CNA172 Single-Engine 14.93 1.14 0.10 16.17  14.98 1.14 0.11 16.23  25.87 1.97 0.18 28.02 
Cessna 206 CNA206 Single-Engine 7.46 0.57 0.05 8.08  7.49 0.57 0.05 8.11  12.94 0.99 0.09 14.01 
Cessna 206T CNA20T Single-Engine 7.46 0.57 0.05 8.08  7.49 0.57 0.05 8.11  12.94 0.99 0.09 14.01 
Single Engine (1985) COMSEP Single-Engine 14.93 1.14 0.10 16.17  14.92 1.14 0.11 16.16  25.87 1.97 0.18 28.02 
Single-Engine Fixed Prop GASEPF Single-Engine 74.65 5.69 0.52 80.86  74.58 5.69 0.51 80.78  129.35 9.86 0.90 140.10 
Single-Engine Variable Pitch Prop GASEPV Single-Engine 29.86 2.28 0.21 32.34 29.83 2.27 0.21 32.31 51.74 3.94 0.36 56.04


Single-Engine Propeller Total   149.30 11.38 1.03 161.71  149.30 11.38 1.03 161.71  258.69 19.72 1.79 280.21 
                 


Multi-Engine Propeller                 
Beech Baron 58 BEC58P Multi-Engine 7.84 1.04 0.33 9.20  7.77 1.07 0.36 9.20  26.21 2.00 0.18 28.39 
Cessna 441 CNA441 Multi-Engine 3.56 0.47 0.15 4.18  3.53 0.49 0.16 4.18  1.46 0.11 0.01 1.58 
DeHavilland Twin Otter DHC6 Multi-Engine 2.28 0.30 0.10 2.68  2.26 0.31 0.10 2.68  1.46 0.11 0.01 1.58 
Shorts 330 SD330 Multi-Engine 0.28 0.04 0.01 0.33  0.28 0.04 0.01 0.33  0.00 0.00 0.00 0.00 
Saab 340 SF340 Multi-Engine 0.28 0.04 0.01 0.33 0.28 0.04 0.01 0.33 0.00 0.00 0.00 0.00


Multi-Engine Propeller Total   14.25 1.88 0.60 16.74  14.14 1.95 0.65 16.74  29.12 2.22 0.20 31.54 
                 
Jet                 


Citation Jet CIT3 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 600 CL600 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Canadair Challenger Jet 601 CL601 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Cessna 500 Citation Jet CNA500 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Cessna 550 Citation Jet CNA55B Jet 0.02 0.00 0.00 0.03  0.03 0.00 0.00 0.03  0.00 0.00 0.00 0.00 
Cessna 750 Citation X Jet CNA750 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Business Jet (1985) COMJET Jet 0.45 0.05 0.06 0.57  0.52 0.04 0.00 0.56  0.00 0.00 0.00 0.00 
Dassault Falcon 20 FAL20 Jet 0.17 0.02 0.02 0.21  0.19 0.01 0.00 0.21  0.00 0.00 0.00 0.00 
Gulfstream IV  GIV Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Gulfstream V  GV Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
Gulfstream Astra 1125 IA1125 Jet 0.12 0.01 0.02 0.15  0.16 0.01 0.00 0.17  0.00 0.00 0.00 0.00 
Learjet 24/25 LEAR25 Jet 0.25 0.03 0.04 0.32  0.29 0.02 0.00 0.31  0.00 0.00 0.00 0.00 
Learjet 35/45/55/60 LEAR35 Jet 1.57 0.18 0.24 1.98  1.88 0.14 0.01 2.02  0.00 0.00 0.00 0.00 
Mitsubishi MU-300 Diamond MU3001 Jet 0.42 0.05 0.06 0.53  0.48 0.04 0.00 0.52  0.00 0.00 0.00 0.00 
North American Saberliner 80 SABR80 Jet 0.08 0.01 0.01 0.10 0.09 0.01 0.00 0.10 0.00 0.00 0.00 0.00


Jet Total   5.25 0.59 0.79 6.62  6.15 0.45 0.03 6.62  0.00 0.00 0.00 0.00 
Total AAD Operations 681.89                


Notes: Day: 7:00 a.m. to 6:59 p.m., Evening: 7:00 p.m. to 9:59 p.m., Night: 10:00 p.m. to 6:59 a.m. 
 Totals may not add to 100 percent due to rounding. 


Source: Ricondo & Associates, Inc., based on 2004 Gillespie Field ALP Narrative Report 2000 INM study files; County of San Diego Department of Public Works and FAA Gillespie Field Tower interviews, August 2008; Field observations, August 2008, and Gillespie Field Unconstrained Aviation Activity Forecast,, September 
2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 
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Table I-24 
Potential Population and Dwelling Counts:  2024 Proposed Action Alternative Conditions 


Noise Level Range 
Total Acreage 


Over Land1/
Off-Airport 


Area (Acres)1/ Total Dwellings 
Estimated


Population


Non-Residential
Noise-Sensitive


Parcels
2024 Five-Year Post Project      


65 to 70 CNEL 270.70 115.70 126.00 387.00 0.00 
70 to 75 CNEL 112.70 5.67 7.00 23.00 0.00 
75  CNEL and higher 81.80 0.00 0.00 0.00 0.00
65 CNEL and higher 465.20 121.37 133.00 410.00 0.00 


Notes:
1/ Acreage totals may not add due to rounding. 


Source: Ricondo & Associates, Inc., based on  SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August  2008.   


Prepared by: Ricondo & Associates, Inc., 2008. 


1.5.4.3 Land Use Compatibility 
The noise-sensitive land uses, as provided by San Diego County Tax Assessor’s parcel records, 
potentially exposed to various levels of aircraft noise under 2024 No Action/No Project Alternative 
conditions were determined, as summarized in Table I-25.  Of the 121 acres located off-airport 
exposed to aircraft noise of 65 CNEL and higher, approximately 43 acres are identified as residential 
use.  The majority of the residential uses exposed to 65 CNEL and higher, 40 acres, are single-family 
in use and include 125 dwelling units.  Multi-family residential uses located on three acres, including 
eight dwelling units, are exposed to aircraft noise of 65 CNEL and higher under 2024 No Action/No 
Project Alternative conditions.  There are no non-residential noise-sensitive land uses located within 
the areas exposed to aircraft noise of 65 CNEL and higher. 


1.5.5 Comparison of 2024 Proposed Action Alternative with 2024 No Action/No 
Project Alternative Conditions (FAA NEPA Comparison) 


The following sections compare 2024 Proposed Action Alternative conditions with 2024 No 
Action/No Project Alternative conditions.


1.5.5.1 Noise Exposure Map  
Exhibit I-18 depicts a comparison of the 65 CNEL and higher noise exposure area under 2024 
Proposed Action Alternative conditions compared with 2024 No Action/No Project Alternative 
conditions.  To the north and west, the 2024 Proposed Action Alternative conditions noise exposure 
area is slightly larger than the 2024 No Action/No Project Alternative noise contour.  The increase in 
the 2024 Proposed Action Alternative conditions size can be attributed to the larger number of 
aircraft operations at the Airport than in the same year without the project implementation (2024 No 
Action/No Project).  The increase is a result of forecasted operational constrained conditions for the 
No Action/No Project Alternative compared to an unconstrained for the Proposed Action Alternative.  
The number of AAD operations at the Airport increases to 682 AAD operations under 2024 Proposed 
Action Alternative conditions, compared to 620 operations under 2024 No Action/No Project 
Alternative conditions.  This represents a 10 percent increase in operations between Proposed Action 
Alternative and No Action/No Project Alternative conditions in the year 2024. 


Table I-26, below, provides a comparison between 2024 No Action/No Project Alternative 
conditions and 2024 Proposed Action Alternative conditions.  The total area of off-airport land 
exposed to aircraft noise of 65 CNEL and higher increases by 18 acres under 2024 Proposed Action 
Alternative conditions compared to 2024 No Action/No Project Alternative conditions. 
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Table I-25
Potential Impacts on Residential and Non-Residential Noise-Sensitive Uses:  2024 Proposed Action 
Alternative Conditions 


Unincorporated 
San Diego County 


City of El 
Cajon City of Santee Total 


65 CNEL and Higher     
Residential     
Single-Family     
 Units 0.00 0.00 125.00 125.00 
 Acres 0.00 0.00 39.89 39.89 
 Population 0.00 0.00 386.00 386.00 
Multi-Family     
 Units 0.00 0.00 8.00 8.00 
 Acres 0.00 0.00 3.46 3.46 
 Population 0.00 0.00 24.00 24.00 
Total Residential     
 Units 0.00 0.00 133.00 133.00 
 Acres 0.00 0.00 43.35 43.35 
 Population 0.00 0.00 410.00 410.00 


    
Non-Residential Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 43.35 43.35


Notes:
1/ Acreage totals may not equal the sum of individual values due to rounding
2/ Population reflects 2000 Census data


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by: Ricondo & Associates, Inc., August 2008. 
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CNEL Aircraft Noise Exposure Area:
Comparison between 2024 No Action/No Project Alternative and 2024 Proposed Action Alternative


Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 24nactr3Noise-Contours, 24pactr3Noise-Contours and Ricondo & Associates, Inc., 2008
Prepared by:  Ricondo & Associates, Inc., October 2008
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Table I-26 
Summary of Potential Noise Exposure Effects:  2024 Proposed Action Alternative Conditions Compared 
with 2024 No Action/No Project Alternative Conditions 


Noise Level Range 


Total 
Acreage


Over Land3/


Off-Airport 
Area


(Acres)3/
Total 


Dwellings 
Estimated


Population


Non-Residential
Noise-Sensitive


Parcels
Five-Year Post Project (2024)      


65 to 70 CNEL 270.7 115.7 126.00 387.00 0.00 
70 to 75 CNEL 112.7 5.668 7.00 23.00 0.00 
75 CNEL and higher 81.80 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 465.2 121.368 133.00 410.00 0.00 
No Action (2024) 1/      


65-70 CNEL 249.2 99.45 93.00 289.00 0.00 
70-75 CNEL 104.4 3.607 6.00 19.00 0.00 
75  CNEL 75.88 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 429.48 103.057 99.00 308.00 0.00 
Difference Between Five-Year Post Project 
(2024) and No Action (2024) 1/, 2/


     


65-70 CNEL 21.5 16.25 33.00 98.00 0.00 
70-75 CNEL 8.3 2.06 1.00 4.00 0.00 
75  CNEL 5.92 0.00 0.00 0.00 0.00


Total 65 CNEL and higher 35.72 18.31 34.00 102.00 0.00 


Notes:
1/ A positive value indicates that the Project (2024) reflects an increase in the impacts compared with No 


Action (2024); a negative number indicates that Project (2024) reflects a decrease in impacts. The values 
reported in each cell above indicate a net difference. Some jurisdictions may experience increased noise 
levels while other areas may experience a decrease.


2/ Population and dwelling unit information for 2019 conditions is reported using a year 2000 Census data 
base.


3/ Acreage totals may not equal the sum of individual values. 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008. 


Prepared by:  Ricondo & Associates, August 2008. 


1.5.5.2 Population and Dwelling Impact 
Table I-26 presents a comparison of the population and dwelling unit counts for 2024 No Action/No 
Project Alternative conditions and 2024 Proposed Action Alternative conditions.  Under 2024 
Proposed Action Alternative, the number of dwelling units exposed to aircraft noise of 65 CNEL and 
higher would increase by 34 dwelling units and the total population would increase by 98 people in 
comparison to 2024 No Action/No Project Alternative conditions.  Approximately 33 dwelling units 
and 97 people would be exposed to aircraft noise of between 65 and 70 CNEL and one dwelling unit 
and four people would be exposed to aircraft noise between 70 and 75 CNEL. 


1.5.5.3 Land Use Compatibility 
Exhibit I-19 depicts the location and Table I-27 shows a summary of areas by jurisdiction that 
would be newly exposed to aircraft noise of 65 CNEL and higher under 2024 Proposed Action 
Alternative conditions compared to 2024 No Action/No Project Alternative conditions.  As shown in 
Table I-27, all newly exposed areas fall within the City of Santee and as seen on Exhibit I-19, are 
located directly northwest of the Airport, just north of the City of El Cajon city limits.  
Approximately nine acres of land developed with single-family residential use and one acre of land 
developed with multi-family residential use would be newly exposed to aircraft noise of 65 CNEL 
and higher under 2024 Proposed Action Alternative conditions.  No new non-residential noise-
sensitive facilities would be impacted. 







Gillespie Field Aircraft Noise Analysis October 2008


CNEL Aircraft Noise Exposure Area:
Location of Newly Exposed Land Use 


(Comparison between 2024 Proposed Action Alternative and 2024 No Action/No Project Alternative)
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Table I-27 
Potential Residential and Noise Sensitive Land Use Areas: 2024 Proposed Action Alternative Compared 
with 2024 No Action/No Project Alternative Conditions 


Unincorporated 
San Diego 


County 
City of El 


Cajon City of Santee Total 
65 CNEL and Higher     


Residential     
Single-Family     
 Units 0.00 0.00 32.00 32.00 
 Acres 0.00 0.00 9.04 9.04 
 Population 0.00 0.00 96.00 96.00 
Multi-Family     
 Units 0.00 0.00 2.00 2.00 
 Acres 0.00 0.00 1.41 1.41 
 Population 0.00 0.00 6.00 6.00 
Total Residential     
 Units 0.00 0.00 34.00 34.00 
 Acres 0.00 0.00 10.44 10.44 
 Population 0.00 0.00 102.00 102.00 
Noise-Sensitive Uses     
Schools     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Religious Facilities      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Hospitals/Convalescent Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Parks      
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Libraries     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Facilities     
 Number 0.00 0.00 0.00 0.00 
 Acres 0.00 0.00 0.00 0.00 
Total Noise-Sensitive Area (Acres) 0.00 0.00 10.44 10.44 


Source: Ricondo & Associates, Inc., based on SANGIS 2008 parcel data (Accessed August 2008); 2000 U.S. Census population data; INM 
noise contours, August 2008.   


Prepared by: Ricondo & Associates, Inc., August 2008. 


1.5.5.4 Federal Standard Threshold of Significance Analysis 
As described previously, an increase in noise of 1.5 CNEL within the 2024 Proposed Action 
Alternative 65 CNEL noise exposure area as compared to the 2024 No Action/No Project Alternative 
would represents a potentially significant noise impact according to FAA/NEPA standards.  


As described in the preceding sections, no new or existing areas exposed to aircraft noise of 65 
CNEL and higher levels under the 2024 Proposed Action Alternative would be exposed to changes of 
1.5 CNEL and higher compared to 2024 No Action/No Project Alternative conditions.  Therefore, no 
potentially significant noise impacts are anticipated. 
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EXECUTIVE SUMMARY 
 
 
The County of San Diego (County) is proposing to implement improvements at Gillespie 
Field Airport, located in the City of El Cajon, in San Diego County, California. The 
Proposed Action site is bounded by Airport Drive to the north, Denny Way to the south, 
Wing Avenue to the east, and Joe Crosson Drive to the west in the City of El Cajon. 
Regional access to the airport is provided by State Route 67 (SR-67), located 
approximately 1.5 miles east of Gillespie Field Airport.  
 
The Proposed Action Alternative consists of the redevelopment of a 70-acre site, 
previously the El Cajon Speedway, from nonaviation use to aviation use. The Federal 
Aviation Administration (FAA) required the County to convert the use of the site to aviation 
purposes upon the expiration of a 50-year lease to the El Cajon Speedway. This change 
in land use includes the installation of a taxiway, apron, and drainage improvements 
(approximately 15 acres), and later aviation development by private developers 
(approximately 55 acres). Future improvements to be completed by private developers 
may include rectangular and T-hangar spaces, conventional hangar space, aircraft tie-
downs, apron area, automobile parking, aircraft maintenance space, and aviation office 
and business space. The entire site is proposed for development, potentially including 
an existing area preserving the San Diego ambrosia.  
 
This analysis identifies sensitive noise receptors potentially affected by the Proposed 
Action, describes existing noise levels at and in the vicinity of the receptors, and 
predicts the Proposed Action’s construction and operational noise levels. This report 
was prepared in accordance with the County of San Diego, Department of Planning and 
Land Use, Guidelines for Determining Significance and Report Format and Content 
Requirements, Noise, January 2009 (County of San Diego 2009). Additionally, FAA 
guidance and thresholds are used to determine air traffic noise impacts. The results of 
this noise study will be incorporated into separate California Environmental Quality Act 
(CEQA) and National Environmental Policy Act (NEPA) environmental documents. The 
program environmental impact report and environmental assessment (PEIR and EA) 
will be prepared by the County and FAA, respectively. 
 
The Proposed Action site is generally flat and level with surrounding roadways and land 
uses. The City of El Cajon General Plan designates the 70-acre site as an Industrial 
Park and is zoned for manufacturing. Gillespie Field also has a Special Development 
Area overlay in addition to the land use designations. The 70-acre site is located in 
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Special Development Areas 5 and 6. The purpose of this overlay is to allow flexibility for 
uses within Gillespie Field, specifically for airport-related support facilities and process 
office uses as well as special development standards. The Proposed Action site is 
surrounded by industrially zoned properties. Within the industrially and commercially 
zoned areas, there are the three churches, Foothills Christian Church and Christians 
Who Care Ministries along Bradley Avenue and the Celebration of Faith Lutheran 
Church along Magnolia Avenue, both of which would be considered noise-sensitive 
uses. 
 
Land adjacent to the airport contain existing industrial and residential uses to the north 
(along Prospect Avenue), and industrial and commercial uses to the east (along 
Magnolia Avenue) and to the south (along Bradley Avenue). Airport-related industrial 
and commercial uses are located to the west of the airport. Further west and southwest 
of airport property, residential and other noise sensitive land uses predominate. Farther 
east of the airport, across SR-67, are residential uses. The nearest school to the project 
site is Chaparral High School approximately 3,000 feet west of the project site along 
North Cuyamaca Street. Potential noise sensitive land uses affected by the Proposed 
Action include churches, a school, and residential land uses. 
 
Operation of the proposed development would generate additional vehicle trips and 
aircraft operations. The traffic generated by the proposed development would increase 
off-site traffic noise levels by a less than significant amount. Similarly, aircraft operations 
associated with the Proposed Action would increase off-site aircraft noise levels by a 
less than significant amount. Additionally, an analysis of the near-term cumulative noise 
level increases associated with combined traffic and aircraft would result in a less than 
significant increase in off-site noise levels. Thus, there would be no adverse noise 
impacts associated with project traffic or aircraft operations, and no mitigation required. 
 
With implementation of design considerations, nonaircraft activities associated with 
operation of the proposed development, including the proposed aviation-oriented 
business spaces and hangars, would not exceed the noise ordinance property line 
limits. Design considerations include limitations on heating, ventilation, and air 
conditioning (HVAC) noise levels, building orientation and façade design 
recommendations, and a requirement to prepare a noise assessment demonstrating 
compliance with the noise ordinance.  
 
Construction noise levels from the Proposed Action would result primarily from the 
operation of construction vehicles and equipment for site grading and construction of 
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new facilities. Construction of the Proposed Action would increase short-term noise 
levels at adjacent industrially zoned properties but these noise levels would not exceed 
the County noise ordinance limits for general construction activities or impulsive noise 
sources; thus, construction noise impacts would be less than significant. Additionally, a 
review of cumulative projects in the project area indicates that other projects are at 
sufficient distance so that noise associated with the Proposed Action would not combine 
to create a cumulatively considerable impact. 
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1.0 INTRODUCTION 
 
 
The County of San Diego (County) is proposing improvements at a site at the Gillespie 
Field Airport, located in El Cajon, in San Diego County, California (Figure 1). The 
Proposed Action site is bounded by Airport Drive to the north, Denny Way to the south, 
Wing Avenue to the east, and Joe Crosson Drive to the west in the City of El Cajon 
(Figure 2). Regional access to the airport is provided by State Route (SR-67), located 
approximately 1.5 miles east of Gillespie Field Airport.  
 
This noise analysis draws upon studies prepared for the Proposed Action by EIP 
Associates (Noise Technical Report, Redevelopment of 70-Acre Parcel and Land 
Acquisition, Gillespie Field, El Cajon, San Diego County, California [EIP Report]) and 
Ricondo Associates (Gillespie Field Aircraft Noise Analysis [Ricondo Report]). 
Additionally, this analysis evaluates predicted traffic volumes evaluated in the Traffic 
Impact Analysis Technical Report, 70-Acre Redevelopment Project, Gillespie Field, El 
Cajon, California prepared by LOS Engineering in September 2011. 
 
The purpose of this noise analysis is to predict noise levels that would be anticipated 
during construction and subsequent operations and to determine if the noise levels 
would exceed the applicable noise standards of the County of San Diego Noise 
Ordinance (County of San Diego 2006) and General Plan Noise Element (County of 
San Diego 2011), or the Gillespie Field Airport Land Use Compatibility Plan. This 
analysis identifies sensitive noise receptors potentially affected by the Proposed Action, 
describes existing noise levels at and in the vicinity of the receptors, and predicts the 
Proposed Action’s construction and operational noise levels. This report was prepared 
in accordance with the County of San Diego, Department of Planning and Land Use, 
Guidelines for Determining Significance and Report Format and Content Requirements, 
Noise, January 2009 (County of San Diego 2009). Additionally, Federal Aviation 
Administration (FAA) guidance and thresholds are used to determine air traffic noise 
impacts. The results of this noise study will be incorporated into separate CEQA and 
NEPA environmental documents. The PEIR and EA will be prepared by the County and 
FAA, respectively. 
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Figure 1
Regional Map


Gillespie Field Noise Impact Analysis
P:\2009\09080141 Gillespie Noise\5.0 Graphics (Non-CAD)\5.4 Proj_Graphics\Figures\Fig 1rmap.ai  (dbrady) 5/7/09


PROPOSED ACTION 
LOCATION







Page 3


Figure 2
Vicinity Map
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1.1 
 


Project Description 


Proposed Action Alternative 
 
The Proposed Action Alternative consists of the redevelopment nonaviation use to 
aviation use of a 70-acre site, previously the El Cajon Speedway, located to the north and 
west of the intersection of Bradley Avenue and Wing Avenue in El Cajon (as shown in 
Figure 3). The FAA required the County to convert the use of the site to aviation purposes 
upon the expiration of a 50-year lease to the El Cajon Speedway. This change in land use 
includes the installation of a taxiway, apron, and drainage improvements (approximately 
15 acres), and later aviation development by private developers (approximately 55 acres). 
Future improvements to be completed by private developers may include rectangular and 
T-hangar spaces, conventional hangar space, aircraft tie-downs, apron area, automobile 
parking, aircraft maintenance space, and aviation office and business space. The entire 
site is proposed for development, potentially including an area preserving the San Diego 
ambrosia.  
 
Alternative A (66.9-acre Reduced Footprint Alternative) 
 
Alternative A (66.9-acre Reduced Footprint Alternative) consists of developing 66.9 
acres (15 acres apron and taxiway, and 51.9 acres aviation development) while 
preserving 3.1 acres (1.1 acres of San Diego ambrosia with 100-foot softscape buffer of 
2 acres). This alternative is shown in Figure 4. Alternative A would include the 
installation of a taxiway, apron, and drainage improvements (approximately 15 acres) 
and the same type of private development described in the Proposed Action Alternative.  
 
No Action Alternative 
 
No redevelopment activities would occur at Gillespie Field on the 70-acre site with the 
No Action Alternative.  
 
Surrounding Land Uses 
 
Although Gillespie Field Airport is owned by the County, the 70-acre site is within the 
jurisdictional boundaries of the City of El Cajon and is bound immediately on the west  
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Figure 4
Proposed Airfield Improvements (Alternative A)
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by Joe Crosson Drive, on the north by Airport Drive, on the east by Wing Avenue, and 
on the south by Floyd Smith Drive and West Bradley Avenue. The properties west of 
Joe Crosson Drive and north of Airport Drive are aviation-related uses, within Gillespie 
Field and include aircraft hangars, tie-downs, taxiways, and runways. Properties east of 
Wing Avenue are located in unincorporated San Diego County and are zoned for 
industrial uses (M54). Properties south of Floyd Smith Drive and Bradley Avenue are 
located within the City of El Cajon and are zoned for industrial uses.  
 
1.2 
 


Environmental Settings and Existing Conditions 


Noise Terminology  
 
The unit of measurement used to describe a noise level is the decibel (dB). Decibels are 
measured on a logarithmic scale that quantifies sound intensity in a manner similar to 
the Richter scale used for earthquake magnitudes. Thus, a doubling of the energy of a 
noise source, such as doubling of traffic volume, would increase the noise level by 3 dB; 
a halving of the energy would result in a 3-dB decrease.  
 
The human ear is not equally sensitive to all frequencies within the sound spectrum. 
Therefore, a method called “A-weighting” is used to filter noise frequencies that are not 
audible to the human ear. The A-scale approximates the frequency response of the 
average young ear when listening to most ordinary everyday sounds. When people 
make relative judgments of the loudness or annoyance of a sound, their judgments 
correlate well with the A-scale levels of those sounds. Therefore, the “A-weighted” noise 
scale is used for measurements and standards involving the human perception of noise. 
In this report, all noise levels are A-weighted and “dBA” is understood to identify the 
A-weighted decibel. 
 
In addition to noise levels, the duration or exceedance of noise over time is also 
important for the assessment of potential noise disturbance. Average noise levels over 
a period of minutes or hours are usually expressed as dBA Leq, or the equivalent noise 
level for that period. The period of time average may be specified; Leq(3) would be a 
3-hour average; when no period is specified, a 1-hour average is assumed. 
 
The timing of noise is also an important factor to consider in assessing potential noise 
impacts as noise levels that may be acceptable during the day may create disturbance 
during evening or nighttime hours. The day-night noise level (DNL) and the Community 
Noise Equivalent Level (CNEL) are the energy average of the A-weighted sound levels 
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occurring during a 24-hour period. CNEL adds 5 dBA to the sound levels occurring 
between 7:00 p.m. and 10:00 p.m. and 10 dBA added to the sound levels occurring 
between 10:00 p.m. and 7:00 a.m. DNL is similar to CNEL but does not have the 
evening (7:00 p.m. to 10:00 p.m.) 5 dBA penalty. DNL is typically 1 dB below CNEL. 
 
Human perception of noise has no simple correlation with acoustical energy. The 
perception of noise is not linear in terms of dBA or in terms of acoustical energy. Two 
equivalent noise sources do not sound twice as loud as one source. It is widely 
accepted that the average healthy ear can barely perceive changes of 3 dBA, increase 
or decrease; that a change of 5 dBA is readily perceptible; and that an increase 
(decrease) of 10 dBA sounds twice (half) as loud (Caltrans 1998). Table 1 provides 
examples of common activities and the sound levels associated with those activities. 
 
From the source to the receiver, noise changes both in level and frequency spectrum. 
The most obvious change is the decrease in noise as the distance from the source 
increases. The manner in which noise reduces with distance depends on the following 
important factors: ground absorption, atmospheric effects and refraction, shielding by 
natural and man-made features, noise barriers, diffraction, and reflection. For a point or 
stationary noise source, such as construction equipment, the attenuation or drop-off in 
noise level would be at least -6 dBA for each doubling of unobstructed distance 
between source and the receiver and could increase to -7.5 dBA depending on the 
acoustic characteristics of the intervening ground. For a linear noise source, such as 
vehicles traveling on a roadway, the attenuation or drop-off in noise level would be 
approximately -3 dBA for each doubling of unobstructed distance between source and 
the receiver and could increase to -4.5 dBA depending on the acoustic characteristics of 
the intervening ground. 
 
A large object in the path between a noise source and a receiver can significantly 
attenuate noise levels at that receiver. The amount of attenuation provided by this 
“shielding” depends on the size of the object and the frequencies of the noise levels. 
Natural terrain features, such as hills and dense woods, as well as man-made features, 
such as buildings and walls, can significantly alter noise levels. Walls or berms are often 
specifically used to reduce or attenuate noise. 
 
Noise sensitive receptors are generally considered humans engaged in activities, or 
occupying land uses, that may be subject to the stress of significant interference from 
noise. Human activities usually associated with sensitive receptors include, but are not  
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Table 1 
Typical A-Weighted Noise Levels 


 


Common Outdoor Activities 
Noise 
Level 
(dBA) 


Common Indoor Activities 


 — 110 — Rock band 
Jet fly-over at 1000 feet   


 — 100 —  
Gas lawn mower at 3 feet   


 — 90 —  
Diesel truck at 50 feet at 50 mph  Food blender at 3 feet 


 — 80 — Garbage disposal at 3 feet 
Noisy urban area, daytime   
Gas lawn mower, 100 feet — 70 — Vacuum cleaner at 10 feet 


Commercial area  Normal speech at 3 feet 
Heavy traffic at 300 feet — 60 —  


  Large business office 
Quiet urban daytime — 50 — Dishwasher next room 


   


Quiet urban nighttime — 40 — 
Theater, large conference room 


(background) 
Quiet suburban nighttime   


 — 30 — Library 
Quiet rural nighttime  Bedroom at night, concert 


 — 20 —  
  Broadcast/recording studio 
 — 10 —  
   


Lowest threshold of human 
hearing 


— 0 — Lowest threshold of human hearing 


Source: Caltrans 1998 
 
 
limited to, talking, reading, and sleeping. Land uses associated with noise sensitive 
human receptors include residential dwellings including mobile homes, hotels/motels, 
hospitals, nursing homes, educational facilities, and libraries. In addition to human 
receptors, protected animal species and their habitat may be considered sensitive noise 
receptors if located in proximity to operational noise sources, especially during their 
breeding season.  
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Setting and Location 
 
The Proposed Action site is generally flat and level with surrounding roadways and land 
uses. On-site elevations range from approximately 393 feet above mean sea level 
(AMSL) in the southwest corner near the intersection of West Bradley Avenue and Wing 
Avenue to approximately 380 feet AMSL in the northeast corner near the intersection of 
Joe Crosson Drive and Airport Drive. The City of El Cajon General Plan designates the 
70-acre site as Industrial Park. The 70-acre site on Gillespie Field is zoned for 
manufacturing. Gillespie Field also has a Special Development Area overlay in addition 
to the land use designations. Special Development Areas 1, 5, and 6 provide special 
development possibilities on Gillespie Field. The 70-acre site is located in Special 
Development Areas 5 and 6. The purpose of this overlay is to allow flexibility for uses 
within Gillespie Field, specifically for airport-related support facilities and process office 
uses as well as special development standards. The Proposed Action site is currently 
undeveloped and is surrounded by industrially zoned properties. Within the industrially 
and commercially zoned areas, there are three churches, Foothills Christian Church 
along Bradley Avenue and the Celebration of Faith Lutheran Church and Christians 
Who Care Ministries, along Magnolia Avenue, all of which may be considered noise-
sensitive uses (EIP 2007). 
 
Land adjacent to the airport contain existing industrial and residential uses to the north 
(along Prospect Avenue), industrial and commercial uses to the east (along Magnolia 
Avenue) and to the south (along Bradley Avenue). Airport related industrial and 
commercial uses are located to the west of the airport. Further west and southwest of 
airport property, residential and other noise sensitive land uses predominate. Farther 
east of the airport, across SR-67, are residential uses. The nearest school to the 
Proposed Action site is Chaparral High School approximately 3,000 feet west of the 
Proposed Action site along North Cuyamaca Street. Potential noise sensitive land uses 
affected by the Proposed Action include churches, a school, and residential land uses. 
 
Existing Noise Conditions 
 
Noise is generally defined as unwanted or objectionable sound. The effects of noise on 
people can include general annoyance, interference with speech communication, sleep 
disturbance, and in the extreme, hearing impairment.  
 
The predominant source of noise in the Proposed Action area is vehicle traffic on local 
streets adjacent to the Proposed Action site. Exceptions are noise from short-term 
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aircraft activity, including engine start-ups, taxiing, pre-take-off engine run-ups, and 
aircraft take-off and landing events at Gillespie Field. The existing noise environment in 
the Proposed Action area and at nearby sensitive receptors has been characterized 
through observations and noise level measurements.  
 


 
Noise Measurements 


Five 10-minute noise level measurements were conducted near the Proposed Action 
site and the surrounding vicinity on April 19, 2006, between the hours of 10:35 a.m. and 
1:15 p.m. Based on the field observations noted in Table 2, the dominant noise source 
during these measurements was traffic on local roadways. Based on a review of traffic 
counts conducted by LOS Engineering in 2006 and 2011, the difference in roadway 
traffic volumes near the measurement locations averaged approximately 16 percent, 
which would represent an average change of 0.6 dBA in noise levels since 2006 (LOS 
Engineering 2007, 2011). As this order of change in noise levels is not perceivable, 
these measurements are still considered representative of the current conditions. Figure 
5 shows the locations of all of the noise measurements. The results of the field noise 
measurements are summarized in Table 2. 
 


 
Noise Observations 


Although other noise sources occur in the vicinity of the Proposed Action site vehicular 
traffic is the primary source of noise on, and near, the Proposed Action site. Aircraft 
operations represent a significant secondary noise source in the vicinity of the 
measurements. The noise measurement locations represent the noise levels 
experienced near the airport for the existing sensitive land uses. 
 
The existing aviation noise environment in the vicinity of the airport is characterized by 
occasional, random short-term noise events from aircraft landings and take-offs. 
Additional noise sources in the area include operations associated with light industrial 
activities on surrounding properties. The aircraft operating out of Gillespie Field are 
predominately private, single-engine propeller aircraft. The majority of the aircraft 
operations occur in the east-to-west direction (Ricondo 2008). 
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Table 2 
Noise Measurement Data 


 


Site 
ID* Location Start 


Time 
Leq 


(dBA) 
Lmin 


(dBA) 
Lmax 


(dBA) Noise Sources 


1 
Celebration of Faith Lutheran Church, 260 feet 
from Magnolia Avenue, between Kenney Street 
and Prospect Avenue. 


10:35 a.m. 60.7 49.5 73.5 


Primary: Vehicular traffic on Magnolia Avenue and in 
commercial parking lot.  
Secondary: Aircraft operations, including regular 
landings along the adjacent runway.  


2 


Town & Country Mobile Lodge, 10250 Prospect 
Avenue, 50 feet from Prospect Avenue near 
intersection with Cottonwood Avenue, near end 
of north-south runway.  


11:15 a.m. 64.5 49.1 79.7 
Primary: Vehicular traffic on Prospect Avenue. 
Secondary: Aircraft operations and industrial 
activities from adjacent uses. 


3 
Chaparral High School, 215 feet from Cuyamaca 
Street near intersection with Bradley Avenue, 
and Swift Lane.  


12:00 p.m. 59.5 50.1 70.1 
Primary: Vehicular traffic on Cuyamaca Street.  
Secondary: Aircraft operations and light rail 
operations.  


4 
Parking lot in front of existing aviation uses along 
Joe Crosson Drive, west side 15 feet from curb, 
across from Proposed Action site. 


12:45 p.m. 56.4 46.5 76.8 
Primary: Vehicular traffic on Joe Crosson Drive.  
Secondary: Aircraft operations, including regular 
take-offs and landings along the east-west runway.  


5 Foothills Christian Church, 75 feet from Bradley 
Avenue south of intersection with Wing Avenue.  1:15 p.m. 66.8 50.8 90.5 


Primary: Vehicular traffic on Bradley Avenue.  
Secondary: Aircraft operations and construction 
activities at the lot adjacent to the existing church 
(construction is for new church facilities).  


* The Site ID corresponds to locations shown in Figure 5.  
All measurements were taken on April 19, 2006, for 10 minutes.  
Source: EIP 2007 
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Aircraft take-offs originate with aircraft taxiing to the runway, revving engines for several 
minutes, then running engines down to turn 180 degrees, and revving engines again, 
followed by accelerated movement to the opposite end of the runway until aircraft lift is 
achieved. Noise levels from aircraft landing flyovers (aircraft pass over the runway 
without start/stop on runway) were much lower than the aircraft take-offs, since engines 
are revved down for landings and revved up for take-offs. 
 
Vehicular traffic on other local streets, including Bradley Avenue and Magnolia Avenue, 
is the predominant source of noise in the vicinity of the Proposed Action site, except for 
short-term, aircraft landing and take-off events at the airport. Most of the existing 
vehicular traffic noise is not directly attributable to operations at the Airport, but is from 
transient vehicles accessing local businesses or SR-67. 
 


 
Existing Peak Hour Traffic  


Traffic counts used in this noise assessment were taken by LOS Engineering and are 
reported in the Traffic Impact Analysis, Technical Report, 70-Acre Redevelopment 
Project, Gillespie Field, El Cajon, California (Proposed Action traffic report) (LOS 2011). 
Based on a review of the Proposed Action traffic report, the greatest traffic volumes on 
local roadways occur on Magnolia Avenue and Bradley Avenue. Existing, cumulative, 
and Proposed Action-related traffic volumes, including alternatives, are shown in Table 
3. 
 


 
Existing Aircraft Noise 


The Ricondo Report analyzed existing and future aircraft operation for the Proposed 
Action. The Ricondo Report included a noise contour map, Figure 6 of this report, for 
the existing (2008) operations, which is based on an activity of 517.78 annual average 
day (AAD) operations (Ricondo 2008). The existing 65 dBA CNEL contour, shown in 
Figure 6, encompasses approximately 371 acres, the majority of which is located within 
the boundaries of Gillespie Field. Approximately 69 acres are located outside Gillespie 
Field, with the majority of the 69 acres located within the jurisdictional limits of the City 
of Santee. 
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Table 3 
Existing and Projected Vehicular Traffic Data 


Roadway 


Traffic Volumes 


Existing 


Existing + 
Proposed 


Action 
Alternative 


Existing + 
Alternative 


A 


Existing + 
Cumulative + 


Proposed Action 
Alternative 


Existing + 
Cumulative + 
Alternative A 


Airport Drive           
Joe Crosson Drive to Wing Avenue 908 --1 --1 --1 --1 
Wing Avenue to Magnolia Avenue 1,172 807 794 807 794 
Bradley Avenue         
Cuyamaca Street to Marshall Avenue 4,526 4,864 4,844 5,313 5,293 
Marshall Avenue to Johnson Avenue 7,393 7,815 7,791 8,207 8,183 
Johnson Avenue to Pioneer Way 8,487 9,404 9,384 9,693 9,673 
Pioneer Way to Wing Avenue 11,190 12,787 12,748 13,071 13,032 
Wing Avenue to Magnolia Avenue 11,599 12,653 12,627 12,904 12,878 
Magnolia Avenue to SR-67 SB Ramps 18,125 18,420 18,404 18,593 18,577 
SR-67 SB Ramps to SR-67 NB Ramps 14,916 15,134 15,122 15,338 15,326 
Floyd Smith Drive         
Joe Crosson Drive to Bradley Avenue 586 1,281 1,261 1,281 1,261 
Joe Crosson Drive         
Floyd Smith Drive to Airport Drive 993 1,475 1,435 1,475 1,435 
Johnson Avenue         
Floyd Smith Drive to Bradley Avenue 656 443 423 443 423 
Bradley Avenue to Vernon Way 5,487 5,768 5,752 5,888 5,872 
Magnolia Avenue         
Bradley Avenue to Denny Way 14,116 14,945 14,932 15,315 15,302 
Denny Way to Airport Drive 8,410 9,239 9,226 9,609 9,596 
Airport Drive to Kenney Street 9,581 9,820 9,807 15,315 10,177 
Wing Avenue         
Bradley Avenue to Airport Drive 1,446 2,242 2,215 2,242 2,215 
Pioneer Way         
Bradley Avenue to Cypress Lane 4,451 4,465 4,464 4,529 4,528 


1 All alternatives would result in a closure of the segment of Airport Drive.  
Source: LOS Engineering 2011 
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1.3 
 


Methodology and Equipment 


Noise Measuring Methodology and Procedures 
 


 
Noise Measurements 


Noise measurements were taken as part of the EIP Report. EIP used a Larson Davis 
Laboratories model 720 (LD-720) sound level meter for short-term 1-hour equivalent 
measurements. All measured noise levels were measured on the slow response time 
and A-weighted.  
 
Noise Modeling 
 
Vehicular traffic noise levels were modeled using the Federal Highway Administration’s 
Traffic Noise Model, version 2.5 (TNM2.5). Aircraft noise levels were modeled using the 
FAA’s Integrated Noise Model. 
 
Noise Formulas and Calculations 
 


 
Operational Noise 


Traffic noise impacts were evaluated by review of traffic volume data in the Proposed 
Action traffic report, Traffic Impact Analysis Technical Report, 70-Acre Redevelopment 
Project, Gillespie Field, El Cajon, California (LOS Engineering 2011). Projected traffic 
noise level increases were predicted based on the traffic volume increase and standard 
equations for describing the relationships between traffic volumes and noise levels. 
Aircraft and traffic noise data were logarithmically combined for worst-case combined 
noise level impact assessment.  
 


 
Construction Noise 


Noise impacts from construction are a function of the noise generated by equipment, 
the distance to and sensitivity of nearby land uses, and the timing and duration of the 
noise-generating activities. Noise levels from construction activities are typically 
considered as point sources and would drop off at a rate of -6 dBA per doubling of 
distance over hard site surfaces, such as streets and parking lots. The drop-off rate 
would be approximately -7.5 dBA per doubling of distance for soft site surfaces, such as 
grass fields and open terrain with vegetation (FTA 2006). 
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The magnitude of construction noise impacts depends on the type of construction 
activity, the noise level generated by various pieces of construction equipment, the 
duration of the activity, and the distance between the activity and noise sensitive 
receivers. As shown in Table 4, maximum noise levels from construction equipment 
range from approximately 70 dBA to 90 dBA at 50 feet from the source (FTA 2006). The 
noise levels vary for each type of equipment, as equipment may come in different sizes 
and with different engines. Construction equipment noise levels also vary as a function 
of the activity level or duty cycle. In a typical construction project, the loudest short-term 
noise levels are those of earth-moving equipment under full load, which are on the order 
of 85 to 90 dBA at a distance of 50 feet from the source. 
 
 


Table 4 
Noise Ranges of Typical Construction Equipment 


 


Equipment 


Maximum Noise Level  
(dBA) 


50 ft from Source 
All other equipment (5 HP or less) 85 
Backhoe  80 
Boring Jack Power Unit  80 
Chain Saw  85 
Compactor (ground)  80 
Compressor (air)  80 
Concrete Mixer Truck  85 
Concrete Pump  82 
Concrete Saw  90 
Dozer  85 
Dump Truck  84 
Excavator  85 
Flat Bed Truck  84 
Front End Loader  80 
Generator (25 KVA or less)  70 
Generator (more than 25 KVA)  82 
Grader  85 
Horizontal Boring Hydraulic Jack  80 
Hydra Break Ram  90 
Jackhammer  85 
Paver  85 
Pneumatic Tools  85 
Pumps  77 
Scraper  85 
Soil Mix Drill Rig  80 
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Equipment 


Maximum Noise Level  
(dBA) 


50 ft from Source 
Tractor  84 
Vacuum Street Sweeper  80 
Vibratory Concrete Mixer  80 
Welder  73 
HP = horse power 
KVA = kilovolt ampere 
Source: FTA 2006 


 
 
Typical construction projects, with equipment moving from one point to another, work 
breaks, and idle time, have long-term noise averages that are lower than louder short-
term noise events. Additionally, due to the dynamic nature of a construction-site, noise 
levels are calculated from the center of the activity. For purposes of analysis of the 
Proposed Action, a maximum 1-hour average noise level of 75 dBA Leq at a distance of 
50 feet from the center of typical construction activity is assumed to occur. Noise levels 
of other activities, such as building erection or paving, would be less. 
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2.0 NOISE SENSITIVE LAND USES (NSLU) 
AFFECTED BY AIRBORNE NOISE 


 
 
2.1 
 


Guidelines for the Determination of Significance 


Guidelines for the determination of significance of environmental noise impacts for this 
and other impact sections were promulgated by the County of San Diego in January 
2009 in Guidelines for Determining Significance – Noise and Report Format and 
Content Requirements – Noise (County of San Diego 2009).  
 
The Proposed Action would result in a significant impact if the implementation of the 
Proposed Action would result in the exposure of any on-site or off-site existing or 
reasonably foreseeable future noise sensitive land uses (NSLU) to exterior or interior 
noise (including noise generated from the project, together with noise from roads, 
railroads, airports, heliports, and all other noise sources) in excess of any of the 
following: 
 


A. Exterior Locations: 
 


i. 60 dB (CNEL); or 
ii. An increase of 10 dB CNEL over preexisting noise. 


 
In the case of single-family residential detached NSLU, exterior noise shall be 
measured at an outdoor living area that adjoins and is on the same lot as the dwelling, 
and that contains at least the following minimum area: 
 


(1) Net lot area up to 4,000 square feet: 400 square feet 
(2) Net lot area 4,000 square feet to 10 acres: 10% of net lot area 
(3) Net lot area over 10 acres: 1 acre 


 
For all actions, exterior noise shall be measured at all exterior areas provided for group 
or private usable open space. 
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B. Interior Locations: 
 
45 dB (CNEL) except for the following cases: 


i. Rooms that are usually occupied only a part of the day (schools, libraries, 
or similar facilities), the interior 1-hour average sound level due to noise 
outside should not exceed 50 decibels (A). 
 


ii. Corridors, hallways, stairwells, closets, bathrooms, or any room with a 
volume less than 490 cubic feet. 


 
Federal Aviation Administration 
 
Existing FAA guidance specifies that a detailed noise analysis may be required if there 
is a 1.5-dBA increase in DNL/CNEL in noise sensitive areas exposed to 65 dBA 
DNL/CNEL or greater (FICON 1992). 14 CFR Section 150.21(d)(1) indicates a 1.5 dB 
CNEL increase in areas exposed to noise levels of 65 dBA DNL/CNEL or greater is 
considered a significant increase. In practice, it has been found that unless a proposed 
airport project will cause at least a 1.5-dBA increase within the 65-dBA DNL/CNEL or 
greater area, there will not be a 3-dBA or greater increase in the 60- to 65-dBA 
DNL/CNEL area (FICON 1992).  
 
2.2 
 


Potential Noise Impacts 


NSLU are defined as “any residence, hospital, school, hotel, resort, library, or similar 
facility where quiet is an important attribute of the environment” (County of San Diego 
2009).  
 
Potential Build-out Noise Conditions and Impacts 
 
No NSLU currently exist on-site at the 70-acre site and none are proposed to be 
developed as part of the Proposed Action. Thus, no impacts would occur to on-site 
NSLU.  
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Design Considerations and Mitigation Measures 
 
No NSLU currently exist on-site and none are proposed to be developed as part of the 
Proposed Action. Thus, no impacts to on-site NSLU would occur and no design or 
mitigation measures are proposed or required.  
 
2.3 
 


Off-site Direct and Cumulative Noise Impacts 


Direct Noise Impacts 
 
County guidelines indicate direct off-site noise impacts would occur if project related 
noise sources generate more than double the existing sound energy. The primary off-
site noise sources associated with the Proposed Action would be vehicular traffic and 
aircraft. 
 
According to the 2011 Proposed Action traffic report, the Proposed Action Alternative 
would generate approximately 1,407 average daily trips. Alternative A would generate 
fewer motor vehicle trips; approximately 1,327 average daily trips (LOS Engineering 
2011). The Proposed Action Alternative would also result in closure of Airport Drive (a 
private road) between Joe Crosson Drive and Wing Avenue. The closure of Airport 
Drive would not generate new traffic but would cause a redistribution of existing traffic 
(LOS Engineering 2011). 
 
The off-site NSLU of principal interest are the residential land uses to the west of North 
Cuyamaca Street, north of Prospect Avenue, and east of SR-67, which consist primarily 
of single-family residences. While churches, Foothills Church and Christians Who Care 
Ministries, are located south of the project site along Bradley Avenue, and another, 
Celebration of Faith Lutheran Church, is located between Kenney Street and Prospect 
Avenue, on Magnolia Avenue, these uses are located in industrial or general 
commercial zones. Additionally, the churches do not include weekday activities that 
would be affected by traffic associated with the Proposed Action, such as school 
facilities. Off-site impacts to these churches are not anticipated, because the primary 
off-site noise source at these locations associated with the Proposed Action would be 
traffic, which is greatest during weekday peak traffic periods. Thus, the nearest 
nonresidential off-site NSLU of concern in this analysis is Chaparral High School 
approximately 3,000 feet southwest of the Proposed Action site. Chaparral High School 
is used as the NSLU of primary concern for both and traffic and aircraft noise.  
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Vehicular Traffic Noise 


Vehicular traffic associated with the Proposed Action Alternative would primarily use 
Wing Street and Joe Crosson Drive via Floyd Smith Drive to access the project site. 
Alternative A would have a similar distribution as the Proposed Action Alternative. 
Traffic volumes presented in Table 3 were used to predict noise level increases. For 
purposes of this analysis, it is assumed the future vehicle mix and speeds on all study 
roadways would be similar to existing conditions. Predicted noise level increases 
associated with the Proposed Action Alternative, as well as Alternative A, are presented 
in Table 5. 
 
As shown in Table 5, noise level increases associated with the Proposed Action 
Alternative would be less than 3 dBA for all locations except along Floyd Smith Drive. 
Due to currently low traffic volumes along this roadway, the project would not result in a 
substantial increase in traffic noise levels, i.e., 3 dBA or more. However, as the primary 
land uses fronting these roadways are industrial in nature and no NSLU are located 
along Floyd Smith Drive, the increases would be less than significant. Based on the 
reported noise level increase along Bradley Avenue west of Johnson Avenue, traffic 
noise level increases at Chaparral High School would not be discernable over existing 
traffic noise levels. Traffic noise increases under Alternative A would also be similar to 
those predicted under the Proposed Action Alternative. Thus, all of the proposed 
alternatives would result in a less than significant traffic noise level increase at off-site 
NSLU.  
 


 
Aircraft Noise 


Existing plus Proposed Action Alternative (upon implementation in year 2019) aircraft 
noise level contours are compared to the existing noise (2008) level contours in Figure 
7. Land uses exposed to the 65-dBA CNEL contour due to the Proposed Action 
Alternative are shown in Figure 8 with a comparison of the Proposed Action Alternative 
noise contours to the No Action condition in 2019. Alternative A would result in fewer 
operations and thus would generate slightly smaller noise level contours than the 
Proposed Action Alternative. Therefore, use of the contours for the Proposed Action 
Alternative in assessing impacts under Alternative A would be considered conservative. 
Based on the noise level contour associated with the Proposed Action Alternative, the 
Proposed Action Alternative would increase the total land area within the 65-dBA CNEL 
contour by approximately 40 acres, of which approximately 22 acres are directly 
attributable to the Proposed Action (Ricondo 2008). Under the No Action Alternative,  
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Source: Ricondo & Associates, Inc. October 2008


Figure 7
Comparison of Existing Conditions (2008) and Proposed Action Alternative Opening Year (2019) Aircraft Noise ContoursI
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Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 08cntr3Noise-Contours, 19pactr3Noise-Contours 
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Source: Ricondo & Associates, Inc. October 2008


Figure 8
Comparison of  Year 2019 No Action and Proposed Action Alternative Aircraft Noise Contours with Locations of Newly Exposed Land UsesI
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Sources:        SANGIS, SANDAG 2008, 2008 Parcel Data (Accessed August 2008), INM Model: Version 7.0; INM Contour Layers: 19na3Noise-Contours, 19pactr3Noise-Contours 
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Table 5 
Predicted Future Traffic Noise Level Increases (in dBA) 


 


Roadway 
Existing + Proposed 
Action Alternative 


Existing + 
Alternative A 


Existing + Cumulative + 
Proposed Action Alternative 


Existing + Cumulative 
+ Alternative A 


Airport Drive         
 Joe Crosson Drive to Wing Avenue NA NA NA NA 
Wing Avenue to Magnolia Avenue -3 -3 -3 -3 
Bradley Avenue     Cuyamaca Street to Marshall Avenue 0 0 1 1 
Marshall Avenue to Johnson Avenue 0 0 0 0 
Johnson Avenue to Pioneer Way 0 0 1 1 
Pioneer Way to Wing Avenue 1 1 1 1 
Wing Avenue to Magnolia Avenue 0 0 0 0 
Magnolia Avenue to SR-67 0 0 0 0 
East of SR-67 0 0 0 0 
Floyd Smith Drive      Joe Crosson Drive to Pioneer Way 3 3 3 3 
Joe Crosson Drive     Floyd Smith Drive to Airport Drive 2 2 2 2 
Johnson Avenue     Floyd Smith Drive to Bradley Avenue -2 -2 -2 -2 
South of Bradley Avenue 0 0 0 0 
Magnolia Avenue     Bradley Avenue to Denny Way 0 0 0 0 
Denny Way to Airport Drive 0 0 1 1 
North of Airport Drive 0 0 0 0 
Wing Avenue     Magnolia Avenue to Airport Drive 2 2 2 2 
Pioneer Way     Bradley Avenue to Cypress Lane 0 0 0 0 
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natural growth would still increase to total land area within the 65-dBA CNEL contour by 
approximately 18 acres (Ricondo 2008). However, the increase in existing noise levels 
to future 2019 noise levels with implementation of the Proposed Action would be less 
than 1.5 dBA, which would be considered a less than significant impact using FAA 
guidelines and thresholds of significance (Ricondo 2008) and County guidelines 
(County 2009).  
 


 
Combined Vehicular Traffic and Aircraft Off-site Noise 


While CNEL is used to determine compatibility of vehicular traffic noise and aircraft 
noise, the actual averaging periods are not the same. Traffic CNEL is typically based on 
a theoretical maximum 24-hour period, while aircraft CNEL is based on a theoretical 
average annual operation. Additionally, the loudest traffic noise hour does not have a 
counterpart in aircraft noise assessment. However, for purposes of this noise 
assessment, the CNEL values used in the traffic and aircraft analyses are considered to 
be equivalent. Another consideration is the predicted location of aircraft noise level 
increase as compared to distribution of vehicular traffic on local streets. As shown in 
Figure 7, most of the predicted aircraft noise level increases associated with the 
Proposed Action Alternative would occur north and northwest of the Proposed Action 
site, while the majority of related vehicular traffic associated with the Proposed Action 
would utilize roadways south and west of the project site and the greatest predicted 
traffic noise level increase would occur on roadways adjacent to the Proposed Action 
site. Thus, it is unlikely that traffic and aircraft noise levels would combine as assessed 
for this analysis and the following assessment is considered conservative.  
 
Future aircraft noise level increases were calculated using the FAA’s Integrated Noise 
Model and reported graphically as noise contour maps in the Ricondo Report. Based on 
these calculations noise level increases associated with aircraft operations under the 
Proposed Action Alternative would not exceed 1.5 dBA (Ricondo 2008). Using a 
conservative maximum noise level increase of 1.5 dBA CNEL due to aircraft noise and 
combining this increase with the predicted traffic noise levels would result in a maximum 
noise level increase of 2 dBA along all affected roadways with the exception of Floyd 
Smith Drive, Joe Crosson Drive, and Wing Avenue where noise level increases would 
range from 3 to 5 dBA. Table 6 presents the combined noise levels from traffic and 
aircraft. However, as no NSLU are located along these roadways, these increases in 
noise levels are not considered adverse. 
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Table 6 
Combined Off-site Traffic and Aircraft Noise Level Increases (in dBA) 


 


Roadway 
Existing + Proposed 
Action Alternative 


Existing + 
Alternative A 


Existing + Cumulative + 
Proposed Action Alternative 


Existing + Cumulative 
+ Alternative A 


Airport Drive 
    Wing Avenue to Magnolia Avenue -1 -1 -1 -1 


Bradley Avenue     Cuyamaca Street to Marshall Avenue 2 2 2 2 
Marshall Avenue to Johnson Avenue 2 2 2 2 
Johnson Avenue to Pioneer Way 2 2 2 2 
Pioneer Way to Wing Avenue 2 2 2 2 
Wing Avenue to Magnolia Avenue 2 2 2 2 
Magnolia Avenue to SR-67 2 2 2 2 
East of SR-67 2 2 2 2 
Floyd Smith Drive     Joe Crosson Drive to Pioneer Way 5 5 5 5 
Joe Crosson Drive     Floyd Smith Drive to Airport Drive 3 3 3 3 
Johnson Avenue     Floyd Smith Drive to Bradley Avenue 0 0 0 0 
South of Bradley Avenue 2 2 2 2 
Magnolia Avenue     Bradley Avenue to Denny Way 2 2 2 2 
Denny Way to Airport Drive 2 2 2 2 
North of Airport Drive 2 2 2 2 
Wing Avenue     Magnolia Avenue to Airport Drive 3 3 3 3 
Pioneer Way     Bradley Avenue to Cypress Lane 2 2 2 2 
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Cumulatively Significant Noise Impacts 
 


 
Traffic Noise 


Near-Term Cumulative 
 
Near-term cumulative projects are provided in Table 7, which includes projects identified 
in the Proposed Action traffic report. Existing plus near-term cumulative traffic volumes 
are provided in Table 3 and the resultant increase due to near-term cumulative projects 
is presented in Table 5. Near-term cumulative projects would result in minor noise level 
increases along local roadways, i.e., less than a 0.5-dBA increase along all studied 
roadways. Existing plus near-term cumulative traffic volumes with the Proposed Action, 
for all alternatives, are also provided in Table 3. Noise level increases associated with 
the traffic volumes are shown in Table 5. As shown in Table 5, traffic noise levels are 
predicted to increase less than 3 dBA due to the Proposed Action Alternative along all 
affected roadways except Floyd Smith Drive. As previously identified, there are no 
NSLU located along this roadway and thus the increase along this roadway is not 
considered significant. 
 


 
Aircraft Noise 


Near-Term Cumulative 
 
The near-term cumulative projects, Table 7 of this report, that would potentially 
generate additional aircraft operations have been accounted for in the Ricondo Report 
and are included in Figures 8 and 9 for the 2019 operations. According to the Ricondo 
Report, 2019 aircraft operations associated with the Proposed Action Alternative would 
result in a less than 1.5-dBA CNEL increase over the existing and no project conditions 
(Ricondo 2008). Thus, near-term cumulative impacts associated with aircraft operations 
would result in a less than significant impact on surrounding NSLU.  
 
2024 FAA Required NEPA Aviation Noise Analysis 
 
Modeled 2024 noise level contours are presented in Figure 9. Figure 9 compares the 
2024 conditions with and without the Proposed Action and presents the additional 
properties that would be included within the 65-dBA CNEL contour. According to the 
Ricondo Report, 2024 aircraft operations associated with the Proposed Action would 
result in a less than 1.5-dBA CNEL increase over the No Action condition (Ricondo  
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Source: Ricondo & Associates, Inc. October 2008


Figure 9
Comparison of  Year 2024 No Project and Proposed Project Aircraft Noise Contours with Locations of Newly Exposed Land UsesI
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Table 7 
Cumulative Projects 


 


Cumulative Projects Size Units ADT 
TPM 20862 (Tills)  3 Single-family 36 
TPM 20921 (Turtle Lane lot split) 3 Single-family 36 
TPM 20931 (Pepper Dr. TPM)  3 Single-family 36 
TPM 20782 (Almond Rd.)  4 Single-family 48 
TPM 20895 (Topper Lane TPM) 4 Single-family 48 
TPM 20988 (Poinciana Drive TPM) 4 Single-family 48 
TPM 20925 (Marlinda Way TPM) 2 Single-family 24 
Forrester Creek  462,973 Square Feet 3,890 
TM 5396  80 Multi-family 640 
Las Colinas Detention Facility  616 Beds 684 
Lantern Crest Senior Residential Care Facility  360 Units 1,440 
Walgreens #1  14,820 Square Feet 1,334 
Walgreens #2  12,729 Square Feet 1,146 
San Diego River Restoration  na na na 
Villages at Fanita  1,380 Single-family 1,380 
Riverwalk Subdivision  218 Multi-family 1,744 
Sky Ranch Development  373 Single & Multi-family 3,432 
Riverview Office Park  63,504 Square Feet 1,270 
Marrokal Industrial Building  32,927 Square Feet 263 
Cozza Industrial Building  38,961 Square Feet 312 
Hofstee Storage Building  1,000 Square Feet 2 
American Sheet Metal  11,619 Square Feet 93 
Sampson/Sky Investments  14,954 Square Feet 120 
Tower Glass Industrial  35,000 Square Feet 280 
Airport Hangar  1.38 Acres 35 


LOS Engineering 2011 
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2008). Thus, 2024 cumulative impacts associated with aircraft operations would not 
result in a substantial adverse impact on surrounding NSLU. 
 


 
Combined Vehicular Traffic and Aircraft Cumulative Off-site Noise  


Near-term Cumulative 
 
Combined near-term cumulative off-site traffic and aircraft noise levels are presented in 
Table 6. As shown in Table 6, off-site combined noise levels would be less than 3 dBA 
with the exception of areas immediately surrounding the project site along Floyd Smith 
Drive, Joe Crosson Drive, and Wing Avenue where noise levels are predicted to 
increase by 4 to 5 dBA. However, as previously identified, there are no NSLU along 
these roadways; therefore, these increases are not considered adverse. 
 
Design Considerations and Mitigation Measures 
 
No direct or cumulative off-site noise impacts are predicted; thus, no impacts to on-site 
NSLU would occur and no design or mitigation measures are proposed or required. 
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3.0 PROJECT-GENERATED AIRBORNE NOISE 
 
 
3.1 
 


Guidelines for the Determination of Significance 


The County of San Diego Noise Ordinance, Section 36.404, sets limits on the noise 
levels generated from one property to another, such as from mechanical equipment. 
Unless a variance has been applied for by an applicant and granted by the County, it is 
unlawful for a person to cause or allow noise generated on a particular property to 
exceed the 1-hour average sound level, at any point on or beyond the boundaries of the 
property, as shown in Table 8.  
 
Section 36.409 states: 
 
Except for emergency work, it shall be unlawful for any person to operate construction 
equipment or cause the construction equipment to be operated, exceeding an average 
sound level of 75 dBA for an 8-hour period, between 7 a.m. and 7 p.m., when measured 
at the boundary line of the property where the noise source is located or on any 
occupied property where the noise is being received. 
 
Section 36.410 states: 
 
In addition to the general limitations on sound levels in Section 36.404 and the 
limitations on construction equipment in Section 36.409, the following additional sound 
level limitations shall apply: 
 


(a) Except for emergency work or work on a public road project, no person shall 
produce or cause to be produced an impulsive noise that exceeds the 
maximum sound level shown in Table 9, when measured at the boundary line 
of the property where the noise source is located or on any occupied property 
where the noise is received, for 25 percent of the minutes in the measurement 
period, as described in subsection (c) below. The maximum sound level 
depends on the use being made of the occupied property. The uses in Table 9 
are as described in the County Zoning Ordinance. 
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Table 8 
County of San Diego Noise Ordinance Sound Level Limits 


 


Zone Applicable Hours 
Sound Level Limit 


dB Leq (1 hour) 
(1) R-S, R-D, R-R, R-MH, A-70, A-72, S-


80, S-81, S-87, S-88, S-90, S-92, R-V 
and R-U; Use Regulations with a 
density of less than 11 dwelling units 
per acre. 


7 a.m. to 10 p.m. 
 


10 p.m. to 7 a.m. 


50 
 


45 


(2) R-RO, R-C, R-M, S-86, V5, R-V and R-
U; Use Regulations with a density of 11 
or more dwelling units per acre. 


7 a.m. to 10 p.m. 
10 p.m. to 7 a.m. 


55 
50 


(3) S-94, V4 and all other commercial 
zones. 


7 a.m. to 10 p.m. 
10 p.m. to 7 a.m. 


60 
55 


(4) V1, V2 
V1, V2 
V1 
V2 


7 a.m. to 10 p.m. 
7 p.m. to 10 p.m. 
10 p.m. to 7 a.m. 
10 p.m. to 7 a.m. 


60 
55 
55 
50 


(5) M-50, M-52, M-54 Anytime 70 
(6) S-88, A-72 and all other industrial 


zones Anytime 75 


(7) S88 (see subsection (c) below)   
Source: County of San Diego Noise Ordinance, Section 36.404 
Notes


The sound level limit at a location on a boundary between two (2) zoning districts is the arithmetic 
mean of the respective limits for the two zones; provided, however, that the 1-hour average sound 
level limit applicable to extractive industries, including but not limited to borrow pits and mines, shall 
be 75 decibels at the property line regardless of the zone where the extractive industry is actually 
located. 


: If the measured ambient level exceeds the applicable limit noted above, the allowable 1-hour 
average sound level shall be the ambient noise level, plus 3 decibels. The ambient noise level shall 
be measured when the alleged noise violation source is not operating. 


S88 zones are Specific Planning Areas which allow for different uses. The sound level limits in 
Table 8 above that apply in an S88 zone depend on the use being made of the property. The limits 
in Table 8, subsection (1) apply to property with a residential, agricultural or civic use. The limits in 
subsection (3) apply to property with a commercial use. The limits in subsection (5) apply to property 
with an industrial use that would only be allowed in an M50, M52 or M54 zone. The limits in 
subsection (6) apply to all property with an extractive use or a use that would only be allowed in an 
M56 or M58 zone. 
A fixed-location public utility distribution or transmission facility located on or adjacent to a property 
line shall be subject to the sound level limits of this section, measured at or beyond 6 feet from the 
boundary of the easement upon which the facility is located. 
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Table 9 
San Diego County Code Section 36.410, 


Maximum Sound Level (Impulsive) Measured 
at Occupied Property in Decibels (dBA) 


 
Occupied Property Use Decibels (dBA) 


Residential, village zoning, or civic use 82 
Agricultural, commercial, or industrial use 85 


 
 


(b) Except for emergency work, no person working on a public road project shall 
produce or cause to be produced an impulsive noise that exceeds the 
maximum sound level shown in Table 10, when measured at the boundary line 
of the property where the noise source is located or on any occupied property 
where the noise is received, for 25 percent of the minutes in the measurement 
period, as described in subsection (c) below. The maximum sound level 
depends on the use being made of the occupied property. The uses in Table 10 
are as described in the County Zoning Ordinance. 


 
 


Table 10 
San Diego County Code Section 36.410, 


Maximum Sound Level (Impulsive) Measured at Occupied 
Property in Decibels (dBA) for Public Road Projects 


 
Occupied Property Use Decibels (dBA) 


Residential, village zoning, or civic use 85 
Agricultural, commercial, or industrial use 90 


 
 


(c) The minimum measurement period for any measurements conducted under 
this section shall be 1 hour. During the measurement period a measurement 
shall be conducted every minute from a fixed location on an occupied property. 
The measurements shall measure the maximum sound level during each 
minute of the measurement period. If the sound level caused by construction 
equipment or the producer of the impulsive noise exceeds the maximum sound 
level for any portion of any minute, it will be deemed that the maximum sound 
level was exceeded during that minute. 


 
Existing zoning designations in the vicinity of the Proposed Action site include General 
Impact Industrial (M54) within San Diego County and General Industrial (M) within the 
City of El Cajon. The Proposed Action site is zoned for industrial/aviation use. The 
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corresponding noise level limits specified by the noise ordinance in Table 8 are 70 dBA 
Leq any time of day. According to the ordinance (Table 8), the sound limit at a location 
on the boundary between two zoning districts, such as in this case, is the arithmetic 
mean of the respective limits for the two zoning districts. The City of El Cajon sets 
sound level limits between properties zoned for industrial uses at 75 dBA Leq anytime of 
the day. The City of El Cajon borders the project site to the west and south. However, 
as the City of El Cajon has a less restrictive noise level limit, the County noise 
ordinance is used for determining impacts. Therefore, the 1-hour average noise limit for 
the Proposed Action at its western, southern, and eastern property lines is 70 dBA Leq 


anytime. This limit would apply to mechanical equipment associated with building 
operation; on-site maintenance activities, including aircraft maintenance; and aircraft 
operations at hangars and on taxiways within the Proposed Action site.  
 
The FAA standards for aircraft operational noise do not include specific guidance for 
stationary noise sources. Thus, the County’s noise ordinance is the applicable 
regulation for controlling stationary noise sources associated with the Proposed Action. 
 
3.2 
 


Potential Operational Noise Impacts (Non-Construction Noise) 


Potential Build-out Noise Conditions without Mitigation 
 
The proposed development would generate operation noise from aircraft, facilities, and 
traffic on-and off-site. Noise receptors potentially affected by operational noise would 
include adjacent properties surrounding the Proposed Action site.  
 


 
Ground Level Aircraft Activity Noise 


Principal ground-based noise-generating activities associated with the operation of the 
Proposed Action include the arrival and departure of taxiing airplanes, airplane 
maintenance and operations at the hangars and tie-downs, the on-site operation of 
associated vehicles, and human activities associated with the use of the aircraft. Based 
on observation of similar activities, these activities would occur in various areas of the 
Proposed Action site. For purposes of noise impact assessment, these activities would 
occur at distances as close as 75 feet north of the southern property line of the 
Proposed Action site and 100 feet from the western or eastern property line of the 
Proposed Action site. 
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The analysis of aircraft activity noise compared to the County noise ordinance limit at 
the project site is based on observations and noise level measurements of similar 
activities at the Ramona Airport and Fallbrook Air Park. Based on these measurements 
and observations, a single-engine propeller aircraft revving engines for preflight checks 
and taxiing to and from the runway generate noise levels of approximately 71 dBA Leq at 
50 feet. A noise level of 71 dBA is considered conservative for assessing aircraft noise 
impacts for the Proposed Action as it is unlikely aircraft operating on-site at hangars 
would operate their engines at maximum levels for the duration of time required for the 
preflight check and take-off. The entire Proposed Action site would be paved, providing 
a reflective noise surface; thus, noise levels from these activities would attenuate at a 
rate of -6 dBA for each doubling of distance. 
 
To quantify noise levels for analysis purposes the impact of ground level aircraft noise is 
based on three aircraft operating on-site at various locations. One aircraft would be 
located on the taxiway 75 feet from the southern property line and approximately 500 
feet from the eastern and western boundaries; one aircraft located at a hangar on the 
east side of the Proposed Action site approximately 75 feet from the southern boundary 
and 100 feet from the eastern boundary; and one aircraft operating on the west side of 
the site approximately 75 feet from the southern boundary and 100 feet from the 
western boundary. These distances are considered conservative as aircraft could be as 
far as 650 feet from the eastern or western boundaries of the Proposed Action site and 
as far as 2,000 feet north of the southern property line. Based on the identified scenario, 
noise levels from aircraft operating at ground level would reach approximately 68 dBA 
Leq at the nearest common point along the southern property line and 65 dBA Leq at the 
nearest common point along the eastern and western property lines. These noise levels 
would be less than the noise ordinance limit of 70 dBA Leq at the property line and 
beyond. Therefore, in conformance with the County noise ordinance, the operation of 
aircraft would not result in an adverse noise impact. 
 


 
Facility Noise 


Principal sources of noise at the aviation-oriented business space and hangars are 
likely to be mechanical equipment, such as heating, ventilating, and air conditioning 
(HVAC) units. At the hangars, mechanical equipment for performing aircraft 
maintenance would also likely be in use. The proposed hangars have not been 
designed, and a quantitative noise analysis is not feasible and would not be accurate at 
this time. However, the Proposed Action includes a design consideration that limits the 
sound level rating of any HVAC units to 87 dBA or less at 3 feet. This would result in a 







 


 
Page 42 Gillespie Field Noise Impact Analysis 
 Gillespie Noise Rpt_9.6.11.doc  9/6/2011 


noise level of approximately 63 dBA at 50 feet and a noise level of approximately 59 
dBA at 75 feet. 
 
Aircraft maintenance activity would generate similar noise level as automotive repair 
activities. Based on measurements taken for the Los Angeles Police Headquarters 
project, automotive maintenance facilities generate noise levels of approximately 64 
dBA Leq at 50 feet (EDAW 2005). The automotive repair facility included 10 open bays 
with various activities, including engine maintenance, tire repair, body repair, etc. 
Equipment used in these activities included compressors, air guns, impact ratchets, 
hand tools, and grinders. The measurements were taken approximately 100 feet from 
the facility doorways centered on the facility.  
 
Based on these measured noise levels and assuming these noise sources would be at 
least 75 feet from the nearest property line, it is calculated the aviation-oriented 
businesses and hangars would generate noise levels on the order of 65 dBA at the 
nearest property line. This noise level is less than the noise ordinance limit at the property 
line of 70 dBA Leq; thus, the proposed action is not anticipated to result in an adverse 
noise impact from facility operation. To verify compliance with noise ordinance limits, the 
county has included a design consideration that requires new aviation-oriented 
businesses and hangars, once designed, to provide a noise study that considers all 
ground level noise sources. With implementation of the identified design considerations, 
facility and ground-level aircraft operation would not result in an adverse noise impact. 
 
Design Consideration and Mitigation Measures 
 
Nonaircraft activities associated with redevelopment of the 70-acre site would 
incorporate design considerations to reduce noise levels during operations. The 
following design considerations will be included in the design of facilities: 
 


DC-1 Prior to construction, the County will require all new aviation-oriented 
business space and hangars to prepare a noise analysis demonstrating 
compliance with County noise levels limits. The noise analysis will include 
all ground level noise generating sources within the Proposed Action site. 


 
DC-2 HVAC shall have sound level ratings of 87 dBA at 3 feet or lower. This 


may be achieved by either purchasing models with this rating, using sound 
insulation or blankets, or constructing enclosures around the equipment. 
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DC-3 Orient hangar openings to the north and eliminate or minimize openings 
on the west, south, and east sides of the buildings to avoid or minimize 
transmittal of noise outside airport property. 


 
3.3 
 


Potential General Construction Noise Impacts 


Potential Temporary Construction Noise Impacts without Mitigation 
 
Noise impacts from construction are a function of the noise generated by equipment, 
the location and sensitivity of nearby land uses, and the timing and duration of the 
noise-generating activities. Table 4 presents a list of noise generation levels for various 
types of equipment typically used on construction projects. The list, compiled by the 
Federal Transit Administration (FTA), was used in this analysis to estimate construction 
noise (FTA 2006). The magnitude of construction noise impacts was assumed to 
depend on the type of construction activity, the noise level generated by various pieces 
of construction equipment, the duration of the activity, and the distance between the 
activity and noise sensitive receivers.  
 
The proposed development would include a variety of construction activities in many 
areas of the project site. Construction activities would commence in 2013. These 
activities include the public development of the taxiway and the private development 
hangars, business space, and tie-downs. Construction would require site clearing and 
grubbing of vegetation; soil excavation and finish grading; placement of subgrade 
material, reinforcing bar, and tie-down anchors; and pouring of concrete. No building 
demolition, blasting, or rock breaking is anticipated. Typical construction equipment 
would include bulldozers, graders, front-end loaders, generators, welders, and 
compressors. Concrete would be brought to the site in ready-mix trucks. 
 
The properties surrounding the 70-acre site are all zoned industrial. Typical grading 
activities generate approximately 86 dBA Leq(1) at a distance of 50 feet from the center 
of the activity. Additionally, grading activities would involve the largest and likely the 
greatest number of pieces of equipment. Grading activities would involve the entire site 
and the effective center would be the center of the site. Thus, the point of assessment 
would be 650 feet from the eastern and western site boundaries and 1,000 feet from the 
southern project boundary. Thus, the average noise construction noise level would be 
approximately 61 dBA Leq at the eastern and western boundaries and 57 dBA Leq at the 
southern boundary. These noise levels would be less than the 75-dBA Leq(8-hour) limit of 
the noise ordinance.  
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Paving of the project site and taxiway would generate an average noise level of 80 dBA 
Leq at a distance of 50 feet. The effective center of paving activities would be similar to 
grading activities. Thus, the average noise construction noise level would be 
approximately 58 dBA Leq at the eastern and western boundaries and 54 dBA Leq at the 
southern boundary. These noise levels would be less than the 75-dBA Leq(8-hour) limit of 
the noise ordinance. 
 
Building construction would generally be less mobile and the center of the activity would 
likely be closer to adjacent site boundaries. It is assumed for purposes of this analysis 
that buildings would be located at similar distances as the existing hangars west of Joe 
Crosson Drive. Thus, the nearest point of construction would be approximately 60 feet 
from the property line and the center of building construction would be approximately 
250 from the nearest property line. Building construction would generate average noise 
levels of 80 dBA Leq. Thus, the average noise construction noise level would be 
approximately 66 dBA Leq at the site boundary. These noise levels would be less than 
the 75 dBA Leq(8-hour) limit of the noise ordinance. 
 
Based on the preceding analysis, construction at the 70-acre site would be in 
compliance with the noise ordinance, and the impact would be less than significant. 
 
Design Considerations and Mitigation Measures 
 
While no construction impacts have been identified, the following design considerations 
should be incorporated into construction plans and construction site management 
practices. 
 


DC-4 Staging areas for the construction equipment shall be located the farthest 
reasonable distance from the site southern boundary. 


 
DC-5 Electric power shall be provided to the construction site as soon as 


feasible to minimize the use of continuous operation of portable 
generators. 


 
DC-6 Stationary noise-generating devices such as generators, compressors, 


welders, etc. shall be positioned as far from the Proposed Action boundary 
as feasible. 
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DC-7 All construction equipment shall have manufacturer’s mufflers or better 
installed and in good condition. 


 
3.4 
 


Potential Impulsive Noise Impacts 


Potential Impulsive Noise Impacts without Mitigation 
 
Even though average noise levels for the construction at the 70-acre site would be in 
compliance with the noise ordinance, construction noise levels would vary, and 
intermittent maximum noise levels of 83 dBA would likely occur at the property 
boundaries when activities occur near the site boundaries. These events would be 
prohibited during hours specified in the noise ordinance, which are between 7:00 p.m. 
and 7:00 a.m., Monday through Saturday, and all day Sunday, and would not exceed 
the maximum noise level limits identified in Table 9. However, for persons outside and 
within 100 feet of construction activities, these maximum noise events may be 
disturbing and annoying. To minimize the disturbance and reduce the magnitude and 
frequency of the construction noise, design considerations are recommended, including 
locating construction staging areas and stationary noise-generating sources away from 
the site boundaries, providing electric power for construction to minimize generator use, 
and using equipment in good condition with manufacturer’s mufflers or better. 
 
Design Considerations and Mitigation Measures 
 
While no construction impacts have been identified, design considerations DC-4 
through DC-7 should be incorporated into construction plans and construction site 
management practices. 
 
3.5 
 


Cumulative or Combined noise Impacts  


Potential Combined Noise Impacts without Mitigation 
 


 
On-site Operational Noise Sources 


Cumulative on-site noise impacts would occur if the combination of all on-site noise 
sources, including aircraft, mechanical equipment associated with the proposed 
buildings, and aircraft maintenance, would result in an exceedance of the noise level 
limits identified in Table 9, i.e., 70 dBA Leq. 
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Analysis of aircraft activity noise at the Proposed Action site for a relatively noisy aircraft 
operation scenario at the southern portion of the site indicates these activities would 
generate a noise level of 68 dBA Leq at the property line. Based on the implementation 
of identified design considerations, noise levels from facility operation are calculated to 
reach 65 dBA at the nearest property line. Based on these noise levels of separate 
sources, the operation of aircraft and proposed facilities would result in a combined 
noise level of approximately 69 dBA Leq at the nearest property boundary. Thus, no 
adverse noise impact is anticipated due to the facility operation and ground level aircraft 
operation. 
 


 
Construction 


Substantial construction cumulative noise impacts would occur if an adjacent property 
would be subject to construction noise from the combination of two or more projects 
constructed simultaneously. Projects used for the cumulative analysis are listed in Table 
7. The nearest project considered is the hangar project, which is within the airport 
property on the east side of North Marshal Avenue, which is approximately 1,800 feet 
west of the project site. At half of this distance, noise levels would be reduced by at 
least 25 dBA relative to the source noise level. Thus, the combined noise from these 
projects would result in a noise level of 53 dBA Leq or less. Reductions due to distance 
and intervening structure would make the contribution of the more distant sources 
negligible and not considerable. Therefore, cumulatively considerable construction 
phase noise impacts would not be adverse. 
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4.0 GROUNDBORNE VIBRATION AND NOISE IMPACTS 
 
 
4.1 
 


Guidelines for the Determination of Significance 


Project implementation will expose the uses listed in Tables 11 and 12 to groundborne 
vibration and noise levels equal to or in excess of the levels shown.  
 
 


Table 11 
Guidelines for Determining the Significance of 


Groundborne Vibration and Noise Impacts 
 


Land Use Category 


Groundborne Vibration 
Impact Levels 


(inches/sec rms) 


Groundborne Noise4 
Impact Levels 


(dB re 20 micro 
Pascals) 


Frequent 
Events1 


Occasional 
or Infrequent 


Events2 
Frequent 
Events1 


Occasional 
or Infrequent 


Events2 
Category 1: Buildings where low ambient 
vibration is essential for interior operations 
(research & manufacturing facilities with special 
vibration constraints) 


0.00183 0.00183 Not 
applicable5 


Not 
applicable5 


Category 2: Residences and buildings where 
people normally sleep (hotels, hospitals, 
residences, & other sleeping facilities)6 


0.0040 0.010 35 dBA 43 dBA 


Category 3: Institutional land uses with primarily 
daytime use (schools, churches, libraries, other 
institutions, & quiet offices)6 


0.0056 0.014 40 dBA 48 dBA 


rms = root mean square 
1 “Frequent Events” is defined as more than 70 vibration events per day. Most rapid transit projects fall 


into this category.  
2 “Infrequent Events” is defined as fewer than 70 vibration events per day. This category includes most 


commuter rail systems. 
3 This criterion limit is based on levels that are acceptable for most moderately sensitive equipment 


such as optical microscopes. Vibration-sensitive manufacturing or research will require detailed 
evaluation to define acceptable vibration levels. Ensuring lower vibration levels in a building often 
requires special design of the HVAC systems and stiffened floors. 


4 Vibration-sensitive equipment is not sensitive to groundborne noise. 
5 There are some buildings, such as concert halls, TV and recording studios, and theaters that can be 


very sensitive to vibration and noise but do not fit into any of the three categories. Table 12 gives 
criteria for acceptable levels of groundborne vibration and noise for these various types of special 
uses. 


6 For Categories 2 and 3 with occupied facilities, isolated events such as blasting are significant when 
the peak particle velocity (PPV) exceeds 1 inch per second. Nontransportation vibration sources 
such as impact pile drivers or hydraulic breakers are significant when their PPV exceeds 0.1 inch per 
second. More specific criteria for structures and potential annoyance were developed by Caltrans 
and will be used to evaluate these continuous or transient sources in San Diego County. 


Source: County of San Diego 2009 
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Table 12 
Guidelines for Determining the Significance of 


Groundborne Vibration and Noise Impacts for Special Buildings 
 


Type of Building or Room 


Groundborne Vibration 
Impact Levels 


(inches/sec rms) 


Groundborne Noise 
Impact Levels 


(dB re 20 micro 
Pascals) 


Frequent 
Events1 


Occasional 
or Infrequent 


Events2 
Frequent 
Events1 


Occasional 
or Infrequent 


Events2 
Concert Halls, TV Studios, and Recording 
Studios 0.0018 0.0018 25 dBA 25 dBA 


Auditoriums 0.0040 0.010 30 dBA 38 dBA 
Theaters 0.0040 0.010 35 dBA 43 dBA 
rms = root mean square 
1 “Frequent Events” is defined as more than 70 vibration events per day. Most rapid transit projects fall 


into this category. 
2 “Infrequent Events” is defined as fewer than 70 vibration events per day. This category includes most 


commuter rail systems. 
Source: County of San Diego 2009 


 
 
4.2 
 


Potential and Mitigated Noise Impacts 


Most perceptible indoor vibration is caused by sources within buildings such as 
operation of mechanical equipment, movement of people, or slamming of doors. Typical 
outdoor sources of perceptible groundborne vibration are construction equipment, steel-
wheeled trains, and traffic on rough roads. If the roadway is smooth, the vibration from 
traffic is rarely perceptible (FTA 2006).  
 
The relationship between groundborne vibration and groundborne noise depends on the 
frequency content of the vibration and the acoustical absorption of the receiving room. 
The more acoustical absorption that is in the room, the lower the noise level will be. The 
A-weighted level of groundborne noise can be estimated by applying A-weighting to the 
vibration velocity spectrum (FTA 2006). Since the A-weighting at 31.5 hertz (Hz) is -39.4 
dB, if the vibration spectrum peaks at 30 Hz, the A-weighted sound level will be 
approximately 40 dBA lower than the velocity level. Correspondingly, if the vibration 
spectrum peaks at 60 Hz, the A-weighted sound level will be about 25 dBA lower than 
the velocity level (FTA 2006). For purposes of this analysis construction-related 
groundborne noise is assumed to peak at the 60-Hz range. 


The most substantial vibration source associated with this project would be construction 
equipment. Construction would occur within the limits stated in the County noise 
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ordinance. Vibrations associated with construction activity would be considered an 
infrequent event and the applicable vibration and groundborne thresholds would be 
0.014 and 48 dBA, respectively. The maximum construction vibration is assumed to 
occur from a large dozer operating along the western, southern, or eastern property 
line. The nearest land use identified in Table 7 would be the Foothills Church, a 
Category 3 land use, which is located approximately 140 feet from the project site 
boundaries. The vibration level of a large dozer at a distance of 25 feet is 0.089 inches 
per second peak particle velocity (in/sec ppv) (FTA 2006). The groundborne noise level 
is estimated at 60 dBA. Vibration is calculated by the formula, PPVD=PPVR x (25/D) 1.5, 
where D is the location of interest, PPVD is the vibration at the location of interest, and 
PPVR is the vibration level at 25 feet. At 140 feet, the vibration of a large dozer would 
result in a vibration level of 0.0067 in/sec ppv and a groundborne noise level of 
approximately 40 dBA. Thus, the vibration impact associated with construction would 
not be adverse.  
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5.0 SUMMARY OF PROJECT IMPACTS,  
MITIGATIONS, AND CONCLUSIONS 


 
 
5.1 
 


Operation 


Vehicular and aviation activities at the 70-acre site would represent new sources of 
noise to nearby land uses. Section 2.3 discusses potential direct and cumulative noise 
impacts associated with vehicular traffic and aircraft noise. Based on this analysis, 
direct and cumulative vehicular traffic and aircraft noise activities associated with the 
Proposed Action would increase by less than 3 dBA at all NSLU. Noise increases 
greater than 3 dBA would occur along roadways surrounding the Proposed Action site; 
however, no NSLU are located along these roadways and these increases are not 
considered adverse. Thus, noise impacts associated with the Proposed Action would 
not be considered adverse. No mitigation measures would be required and no noise 
abatement measures are recommended. 
 
Operation of facilities at the 70-acre site are required to comply with the County noise 
ordinance. Aircraft noise at the 70-acre site is anticipated to result in noise levels at the 
property line of 68 dBA Leq or less. The County noise ordinance requires that noise 
levels not exceed 70 dBA Leq at the property line, and the noise contribution of facilities, 
with the use of design considerations, would not exceed the ordinance. Individual 
aviation businesses at the 70-acre site would demonstrate compliance through design 
considerations that would reduce noise levels. Aviation-oriented businesses and hangar 
operation design considerations include limitations on HVAC noise levels, building 
orientation and façade design recommendations, and a requirement to prepare a noise 
assessment demonstrating compliance with the noise ordinance. The noise analysis will 
include all noise sources, including aircraft operation on hangar aprons and proposed 
taxiways. With implementation of the design consideration, the Proposed Action would 
not have an adverse noise impact from on-site operation. No mitigation measures would 
be required and no noise abatement measures are recommended. 
 
5.2 
 


Construction 


Based on the analysis of proposed construction activities, the Proposed Action would not 
exceed general construction noise levels limits identified in Section 36.409 of the County 
noise ordinance, i.e. 75 dBA Leq(8-hour). Additionally, while construction of the Proposed 
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Action would generate short-term (impulsive) maximum noise levels of less than 85 dBA 
Lmax at the nearest property line. Thus construction activities associated with the 
Proposed Action would result in less than significant impacts. While no significant impact 
would occur, peak noise levels may be considered a nuisance or disturbing to local 
business owners and patrons when located outside; thus, design considerations are 
recommended to minimize noise impacts to off-site receptors. The design considerations 
include locating staging areas for construction equipment, including stationary noise-
generating sources (e.g., generators), the farthest reasonable distance from the project 
site boundaries, providing electrical power as early as feasible during construction, and 
maintaining construction equipment in good condition with manufacturer’s mufflers or 
better. 
 
Vibration that would occur due to construction activities would be located at sufficient 
distances such that the vibration generated during construction would not exceed the 
vibration guidelines at local receptors.  
 
Design Considerations and Mitigation Measures 
 
The following mitigation measure is recommended to minimize noise impacts to 
sensitive noise receptors during operation:  
 


 
DC-1 Prior to construction, the County will require all new aviation-oriented 


business space and hangars to prepare a noise analysis demonstrating 
compliance with County noise levels limits. The noise analysis will include 
all ground level noise generating sources within the Proposed Action site. 


 
DC-2 HVAC shall have sound level ratings of 89 dBA at 3 feet or lower. This 


may be achieved by either purchasing models with this rating, using sound 
insulation or blankets, or constructing enclosures around the equipment. 


 
DC-3 Orient hangar openings to the north and eliminate or minimize openings 


on the west, south, and east sides of the buildings to avoid or minimize 
transmittal of noise outside airport property. 


 
While no construction impacts have been identified, the following design considerations 
should be incorporated into construction plans and construction site management 
practices. 
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DC-4 Staging areas for the construction equipment shall be located the farthest 


reasonable distance from the site southern boundary. 
 
DC-5 Electric power shall be provided to the construction-site as soon as 


feasible to minimize the use of continuous operation of portable 
generators. 


 
DC-6 Stationary noise-generating devices such as generators, compressors, 


welders, etc. shall be positioned as far from the site boundary as feasible. 
 
DC-7 All construction equipment shall have manufacturer’s mufflers or better 


installed and in good condition. 
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6.0 CERTIFICATION 
 
 
The following is a list of preparers, persons, and organizations involved with the noise 
assessment. A signature from the approved County Consultant below has been 
provided as project certification. 
 


 
Preparers 


AECOM 
 
Bill Maddux, Project Manager, County of San Diego Approved Noise Consultant 
Jake Weirich, Noise and Air Quality Specialist 
Jeff Goodson, Environmental Engineer 
Dan Brady, Graphic Artist 
 
County of San Diego, Department of Public Works, Environmental Services Unit 
 
Nelson Olivas, LUEG Program Manager 
Cynthia Curtis, Environmental Planning Manager 
Jeff Kashak, Environmental Planner 
Marina Som, Project Staff Support – Environmental Analyst 
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Executive Summary 
Gillespie Field 70-acre Redevelopment Project 
 
The proposed project consists of the redevelopment of a 70-acre site, previously the El Cajon 
Speedway, located to the north and west of the intersection of Bradley Avenue and Wing Avenue in 
the City of El Cajon from non-aviation use to aviation-related uses.   
 
Three (3) alternatives are proposed for the project.  The Proposed Project consists of 70 acres 
(approximately 55 acres available for the construction of new aviation related development with the 
remaining 15 acres consisting of taxiway, drainage, roadway, and other areas).  Alternative A 
(Reduced Footprint Alternative) consists of developing 66.9 acres (15 acres apron & taxiway and 
51.9 acres aviation development) while preserving 3.1 acres (1.1 acres of San Diego ambrosia with 
100-ft softscape buffer of 2 acres).   The No Project Alternative consists of no development on the 
70-acre site.  
 
The project traffic generation was calculated from data collected at Gillespie Field.  For Gillespie 
Field, the daily traffic generation rate was calculated at 25.57 ADT/acre for aviation development. 
The study roadway segment and intersection counts were collected with the project site being 
vacant; therefore, no traffic credit was taken.  The proposed project is calculated to generate 1,407 
ADT, 102 AM peak hour trips, and 111 PM peak hour trips. Alternative A is calculated to generate 
1,327 ADT, 96 AM peak hour trips, and 105 PM peak hour trips.   
 
Based on a review of San Diego County, City of Santee, and City of El Cajon records, thirteen (13) 
nearby cumulative projects were identified and included in this analysis. 
 
The construction of a new taxiway will require the closure of Airport Drive between Joe Crosson 
Drive and Wing Avenue.  This portion of Airport Drive is under County ownership.  The closure of 
Airport Drive will not generate new traffic but will cause a redistribution of existing traffic.  The 
existing traffic that uses Joe Crosson Drive consists of 1) vehicles driving to or from the existing 
aircraft hangars on the west side of Joe Crosson Drive, and 2) vehicles that use Joe Crosson Drive as 
a cut-through route between the intersections of Bradley Avenue/Johnson Avenue and Magnolia 
Avenue/Airport Drive.  The near-term analysis included the re-distributed traffic from the closure of 
Airport Drive.   
 
The significance criteria for the traffic impact analysis was based on the County of San Diego 
Guidelines for Determining Significance and Report Format and Content Requirements 
Transportation and Traffic dated February 19, 2010.  Under year 2011 conditions, the Proposed 
Project is calculated to result in two (2) direct impacts at the intersection of SR-67/Bradley Avenue 
northbound ramps and the segment of Bradley Avenue between SR-67 northbound and southbound 
ramps. The Proposed Project is calculated to result in two (2) cumulative impacts at the same 
intersection and roadway segment identified above. Alternative A is calculated to result in two (2) 
direct and two (2) cumulative impacts at the same intersection and roadway segment as identified 
above under the Proposed Project.  Under year 2030 conditions, the Proposed Project and 
Alternative Ado not have any calculated traffic impacts because the roadways were analyzed with 
build-out geometries to match the SANDAG traffic model network and volumes. 
 







   


  
                         LOS Engineering, Inc.                        Gillespie Field 70-Acre Redevelopment Project Draft TIS 
                        Traffic and Transportation                       vii           September 7, 2011 


The direct impacts


 


 (as part of the Proposed Project and Alternative A) at the intersection of 
Bradley Avenue/SR-67 NB Ramps and segment impact on Bradley Avenue between the NB and 
SB Ramps can all be mitigated to below a level of significance through the construction of the 
proposed interchange improvement documented in the Final PSR(PDS) Bradley Avenue/State 
Route 67 Interchange California Department of Transportation and Dokken Engineering, April 
2004.   


The cumulative impacts


 


 (as part of the Proposed Project and Alternative A) at the intersection of 
Bradley Avenue/SR-67 NB Ramps, and on the segment of Bradley Avenue between the NB and 
SB Ramps are proposed to be mitigated through participation in the San Diego County 
Transportation Impact Fee (TIF) program.  The TIF program identifies specific freeway ramps 
interchanges, which includes the SR-67/Bradley Avenue interchange, to be funded in part by the 
TIF program.   


The direct and cumulative traffic impacts and recommended mitigation measures are summarized 
below: 
 


SCENARIO TRAFFIC IMPACTS BY SCENARIO (w/Proposed Mitigation) 
Proposed Project Alternative A 


 
Existing (Year 2011)   


Direct Impacts 
 


1) Intersection of Bradley Avenue/SR-
67 NB Ramps 
2) Segment of Bradley Ave between 
SR-67 SB and NB Ramps.  
(Mitigation: construct SR-67/Bradley 
Interchange) 


1) Intersection of Bradley Avenue/SR-
67 NB Ramps 
2) Segment of Bradley Ave between 
SR-67 SB and NB Ramps.  (Mitigation: 
construct SR-67/Bradley Interchange) 


   


Cumulative Impacts 
 


1) Intersection of Bradley Avenue/SR-
67 NB Ramps 
2) Segment of Bradley Ave between 
SR-67 SB and NB Ramps. 
 (Mitigation: TIF participation) 


1) Intersection of Bradley Avenue/SR-
67 NB Ramps 
2) Segment of Bradley Ave between 
SR-67 SB and NB Ramps. 
 Mitigation: (TIF participation) 


   


 Build-Out (Year 2030)  
Direct Impacts** 0 0 


*Intersection of Bradley Avenue/SR-67 NB Ramps and segment of Bradley Ave between SR-67 SB and NB 
Ramps. **No build-out impacts were calculated because the roadways were analyzed with build-out 
geometrics to match the SANDAG traffic model parameters and volumes. 
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1.0 Introduction 
 
This report describes the existing roadway network in the vicinity of the project site and includes a 
review of the existing and proposed activities for weekday peak AM and PM periods, and daily 
traffic conditions when the project is completed and under build-out conditions.  The format of this 
study includes the following chapters: 
 


1.0 Introduction 
2.0 Existing Conditions 
3.0 Project Impact Analysis 
4.0 General Plan Update Consistency and Build-Out Analysis 
5.0 Summary of Recommended Mitigation and Project Design Features 
6.0 References 
7.0 List of Preparers and Persons and Organizations Contacted 


 


1.1 Purpose of the Report 
 
The purpose of this report is to determine and analyze potential traffic impacts for the proposed 
Gillespie Field 70-acre Redevelopment Project (“Project”). 
 


1.2 Project Location and Description 
 
The proposed project is located on the northwest corner of Bradley Avenue and Wing Avenue in the 
City of El Cajon, California.  The regional location of the project is shown in Figure 1.  An aerial 
photomap showing the overall project site is shown in Figure 2.  A map of the traffic impact study 
area is shown in Figure 3. 
 
The proposed Project will consist of new aviation-related uses that include a taxiway, apron, 
drainage improvements, and aircraft storage facilities. 
 
The project site previously contained the El Cajon Speedway site, which was closed and removed in 
2005-2006. The site is currently vacant and contains a temporary paved parking lot that is not 
active. 
 


1.3 Planning Requirements 
 
The proposed project is consistent with the County General Plan Update approved on August 3, 
2011, including land use and zoning regulations.  
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Figure 1:  Regional Project Location 
 


Source:  LOS Engineering, Inc.
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Figure 2:  Aerial Photomap of Proposed Project Site 
 
 
 
 
 
 
 
 
 


 
 
Source:  County of San Diego. 
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Figure 3:  Traffic Impact Study Area 
 
 
 
 
 
 
 


No Scale


N


Jo
hn


so
n 


Av
e


Bradley Ave
M


ag
no


lia
 A


ve
 (


SC
 8


50
)


Jo
e 


C
ro


ss
on


 D
r


W
in


g 
Av


e


4 5 6


3


1


Airport Dr
8 9


7


Floyd Smith Dr


2


Pi
on


ee
r W


ay


Bradley Ave
(SA 890)


PROJECT 
SITE


Gillespie 
Field


LEGEND


Study Area


1 Intersection reference number for LOS tables


10 11


C
uy


am
ac


a 
St


M
ar


sh
al


l A
ve


Kenney St


Denny Way


Cypress Ln


Vernon Way


 







 


   


  
                         LOS Engineering, Inc.                        Gillespie Field 70-Acre Redevelopment Project Draft TIS 
                        Traffic and Transportation                       5           September 7, 2011 


 


2.0 Existing (Year 2011) Conditions 
 
This section describes the study area street system, peak hour intersection volumes, daily roadway 
volumes, and existing LOS under year 2011 conditions. 
 


2.1 Existing (Year 2011) Street System 
 
In the vicinity of the project, only the roadways where a significant amount of project traffic is 
anticipated to travel were analyzed as part of this study.  These included: 
 
Airport Drive


 


 from Joe Crosson Drive to Wing Avenue is located within the City of El Cajon but 
owned by the County (Appendix A) and from Wing Avenue to Magnolia Avenue is located within 
San Diego County.  Within the City of El Cajon, Airport Drive is classified as an Industrial 
roadway and is constructed with approximately 30 feet of pavement with one travel lane in each 
direction.  This configuration reasonably matches the County of San Diego standards for a non-
circulation Residential Road and; therefore, was analyzed using the San Diego County non-
circulation Residential Road LOS capacity.  Within the County of San Diego, Airport Drive is not 
classified on the San Diego County Circulation Element map and is constructed with approximately 
36 feet of pavement with one travel lane in each direction.  A posted speed limit was not observed 
on either of these segments.  The 85th percentile speeds are summarized at the end of this section. 


Bradley Avenue


 


 from Cuyamaca Street to approximately Wing Avenue is located within the City of 
El Cajon and from approximately Wing Avenue to SR-67 NB Ramps is located within San Diego 
County.  Within the City of El Cajon, Bradley Avenue is classified as a Primary roadway and is 
constructed with approximately 82 feet of pavement with two travel lanes in each direction, a center 
two way left turn lane, and on-street parking on both sides of the roadway.  This configuration 
closely matches the County of San Diego standards for a Major Road and; therefore, was analyzed 
using the San Diego County Major Road LOS capacity.  Within the County of San Diego, Bradley 
Avenue is classified as a Major Road on the San Diego County Circulation Element map.  From 
Wing Avenue to Magnolia Avenue, Bradley Avenue is constructed with approximately 82 feet of 
pavement with two travel lanes in each direction, a center two way left turn lane, and on-street 
parking on both sides of the roadway.  From Magnolia Avenue to SR-67 SB Ramps, Bradley 
Avenue is constructed with approximately 80 feet of pavement.  Eastbound travel has two through 
lanes with the outside lane being a right turn trap lane to southbound SR-67 on-ramp.  Westbound 
travel has one left turn lane, two through lanes, and one right turn lane.  The posted speed limit is 45 
MPH between Cuyamaca Street and Magnolia Avenue.  The 85th percentile speeds are summarized 
at the end of this section. 


Floyd Smith Drive from Johnson Avenue to Pioneer Way is located within the City of El Cajon and 
is classified as an Industrial roadway.  Floyd Smith Drive has various roadway widths with the 
narrowest portion at approximately 24 feet of pavement with one travel lane in each direction.  This 
configuration reasonably matches the County of San Diego standards for a non-circulation 
Residential Road and; therefore, was analyzed using the San Diego County non-circulation 
Residential Road LOS capacity.  A posted speed limit was not observed on this segment.  The 85th 
percentile speeds are summarized at the end of this section. 
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Joe Crosson Drive


 


 from Airport Drive to Floyd Smith Drive is located within the City of El Cajon 
and is classified as an Industrial roadway.  Joe Crosson Drive is constructed within approximately 
32 feet of pavement and has one travel lane in each direction.  This configuration reasonably 
matches the County of San Diego standards for a non-circulation Residential Road and; therefore, 
was analyzed using the San Diego County non-circulation Residential Road LOS capacity.  On-
street parking is permitted on the west side.  A posted speed limit was not observed on this segment.  
The 85th percentile speeds are summarized at the end of this section. 


Johnson Avenue


 


 from Floyd Smith Drive to Bradley Avenue is located within the City of El Cajon 
and is classified as an Industrial roadway and from Bradley Avenue to Vernon Way is classified as 
a Primary roadway by the City of El Cajon.  Johnson Avenue between Floyd Smith Drive and 
Bradley Avenue is constructed within approximately 50 feet of pavement and contains one travel 
lane in each direction with on-street parking permitted on both sides of the roadway.  This 
configuration reasonably matches the County of San Diego standards for a non-circulation 
Residential Road and; therefore, was analyzed using the San Diego County non-circulation 
Residential Road LOS capacity.  Johnson Avenue between Bradley Avenue and Vernon Way is 
constructed within approximately 64 feet of pavement and contains two travel lanes in each 
direction with on-street parking permitted on both sides of the roadway.  This configuration 
reasonably matches the County of San Diego standards for a Collector Road and; therefore, was 
analyzed using the San Diego County non-circulation Collector Road LOS capacity.  The posted 
speed limit on Johnson Avenue south of Bradley Avenue is 40 MPH.  The 85th percentile speeds are 
summarized at the end of this section. 


Magnolia Avenue


 


 from Kenney Street to Bradley Avenue is located within the County of San 
Diego and is classified as a Major Road on the San Diego County Circulation Element map.  
Magnolia Avenue from Kenney Street to Airport Drive is constructed within approximately 32 feet 
of pavement with one travel lane in each direction with prohibited on-street parking.   Magnolia 
Avenue from Airport Drive to Bradley Avenue has a narrow portion of approximately 40 feet of 
pavement from Airport Drive to Denny Way.  From Denny Way to Bradley Avenue, Magnolia 
Avenue is constructed within approximately 78 feet of pavement.  Magnolia Avenue from Airport 
Drive to Denny Way was analyzed using the capacity along the narrowest portion.  The posted 
speed limit is 40 MPH.  The 85th percentile speeds are summarized at the end of this section. 


Pioneer Way


 


 south of Bradley Avenue is located within the City of El Cajon and is classified as an 
Industrial Collector.  Pioneer Way is constructed within approximately 64 feet of pavement and 
contains two travel lanes in each direction with on-street parking permitted on both sides of the 
roadway.  This configuration closely matches the County of San Diego standards for a Collector 
Road and; therefore, was analyzed using the San Diego County Collector Road LOS capacity.  The 
posted speed limit on Pioneer Way south of Bradley Avenue is 40 MPH.  The 85th percentile speeds 
are summarized at the end of this section. 


Wing Avenue from Airport Drive to Bradley Avenue is located within the City of El Cajon and is 
classified as an Industrial roadway.  Wing Avenue has approximately 24 feet of pavement with one 
travel lane in each direction.  This configuration reasonably matches the County of San Diego 
standards for a non-circulation Residential Road and; therefore, was analyzed using the San Diego 
County non-circulation Residential Road LOS capacity.  A posted speed limit was not observed on 
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this segment.  The 85th percentile speeds are summarized at the end of this section. 
 
The 85th percentile speeds for the aforementioned roadways are summarized below in Table 1. 
 
TABLE 1:  STUDY AREA ROADWAY SPEEDS – 85TH PERCENTILE 


Roadway Posted 85th Percentile 85th Percentile
Segment Speed Limit Speed Speed


Airport Drive
Joe Crosson Dr to Wing Ave Not Posted 48 MPH Eastbound 42 MPH Westbound


Wing Ave to Magnolia Ave Not Posted 33 MPH Eastbound 34 MPH Westbound
Bradley Avenue


Cuyamaca St to Marshall Ave 45 MPH 36 MPH Eastbound 32 MPH Westbound
Marshall Ave to Johnson Ave 45 MPH 40 MPH Eastbound 41 MPH Westbound


Johnson Ave to Pioneer/Floyd Smith 45 MPH 44 MPH Eastbound 46 MPH Westbound
Floyd Smith/Pioneer to Wing Ave 45 MPH 41 MPH Eastbound 40 MPH Westbound


Wing Ave to Magnolia Ave 45 MPH 41 MPH Eastbound 40 MPH Westbound
Magnolia Dr to SR 67 SB Ramps Not Posted 22 MPH Eastbound 24 MPH Westbound


SR 67 SB Ramps to SR 67 NB Ramps Not Posted 23 MPH Eastbound 22 MPH Westbound
Floyd Smith Drive


East of Joe Crosson to Bradley Ave Not Posted 31 MPH Eastbound 32 MPH Westbound
Joe Crosson Drive


Floyd Smith Dr to Airport Dr Not Posted 40 MPH Northbound 41 MPH Southbound
Johnson Avenue


Floyd Smith Dr to Bradley Ave Not Posted 27 MPH Northbound 25 MPH Southbound
Bradley Ave to Vernon Way 40 MPH 43 MPH Northbound 40 MPH Southbound


Magnolia Avenue
Kenney St to Airport Dr 40 MPH 45 MPH Northbound 46 MPH Southbound


Airport Dr to Denny Way 40 MPH 46 MPH Northbound 45 MPH Southbound
Denny Way to Bradley Ave 40 MPH 33 MPH Northbound 34 MPH Southbound


Pioneer Way
Bradley Ave to Cypress Ln 40 MPH 41 MPH Northbound 38 MPH Southbound


Wing Avenue
Bradley Ave to Airport Dr Not Posted 43 MPH Northbound 36 MPH Southbound


MPH: Miles Per Hour.  
 
The County of San Diego classification map and City of El Cajon classifications are included in 
Appendix B.  Copies of the 85th percentile speeds and volume data are included in Appendix C.  
The existing roadway conditions are shown in Figure 4. 
 


2.2 Existing Parking, Transit and On-site Circulation 
 


A portion of the project site currently contains a temporary parking lot that is no longer in use.  No 
other on-site circulation exists because the remainder of the site is vacant and undeveloped.   The 
Gillespie Field trolley station is located approximately 2 miles from the project site.  The trolley 
station is severed by the green and orange lines.  No bus lines are shows to currently operate along 
the project frontage.  A transit map is included in Appendix D.   
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Figure 4:  Existing (Year 2011) Roadway Conditions 
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2.3 Existing (Year 2011) Traffic Volumes and LOS Analyses 
 


Existing traffic counts were collected on Thursday May 26, 2011.  State Route 52 was extended 
from SR-125 to SR-67 and opened to motorists on March 29, 2011; therefore, the counts were 
collected approximately 8 weeks after the opening of the SR-52 extension (documentation included 
in Appendix E).  Existing AM and PM peak hour intersection volumes (with count dates) for the 
following intersections were collected for this study: 
 


1) Bradley Avenue/Johnson Avenue (Thursday 5/26/2011) 
2) Bradley Avenue/Pioneer Way (Thursday 5/26/2011) 
3) Bradley Avenue/Wing Avenue (Thursday 5/26/2011) 
4) Bradley Avenue/Magnolia Avenue (Thursday 5/26/2011) 
5) Bradley Avenue/SR-67 SB Ramps (Thursday 5/26/2011) 
6) Bradley Avenue/SR-67 NB Ramps (Thursday 5/26/2011) 
7) Floyd Smith Drive/Joe Crosson Drive (Thursday 5/26/2011) 
8) Airport Drive/Wing Avenue (Thursday 5/26/2011) 
9) Airport Drive/Magnolia Avenue (Thursday 5/26/2011) 
10) Bradley Avenue/Cuyamaca Street (Thursday 5/26/2011) 
11) Bradley Avenue/Marshall Avenue (Thursday 5/26/2011) 


 
Additionally, the following street segments (with count dates) were analyzed as part of this study: 
 


1) Airport Drive from Joe Crosson Drive to Wing Avenue (Thursday 5/26/2011) 
2) Airport Drive from Wing Avenue to Magnolia Avenue (Thursday 5/26/2011) 
3) Bradley Avenue from Cuyamaca Street to Marshall Avenue (Thursday 5/26/2011) 
4) Bradley Avenue from Marshall Avenue to Johnson Avenue (Thursday 5/26/2011) 
5) Bradley Avenue from Johnson Avenue to Pioneer Way (Thursday 5/26/2011) 
6) Bradley Avenue from Pioneer Way to Wing Avenue (Thursday 5/26/2011) 
7) Bradley Avenue from Wing Avenue to Magnolia Avenue (Thursday 5/26/2011) 
8) Bradley Avenue from Magnolia Avenue to SR-67 SB Ramps (Thursday 5/26/2011) 
9) Bradley Avenue from SR-67 SB Ramps to SR-67 NB Ramps (Thursday 5/26/2011) 
10) Floyd Smith Drive from Joe Crosson Drive to Bradley Ave (Thursday 5/26/2011) 
11) Joe Crosson Drive from Floyd Smith Drive to Airport Drive (Thursday 5/26/2011) 
12) Johnson Avenue from Floyd Smith Drive to Bradley Avenue (Thursday 5/26/2011) 
13) Johnson Avenue from Bradley Avenue to Vernon Way (Thursday 5/26/2011) 
14) Magnolia Avenue from Kenney Street to Airport Drive (Thursday 5/26/2011) 
15) Magnolia Avenue from Airport Drive to Denny Way (Thursday 5/26/2011) 
16) Magnolia Avenue from Denny Way to Bradley Avenue (Thursday 5/26/2011) 
17) Pioneer Way from Bradley Avenue to Cypress Lane (Thursday 5/26/2011) 
18) Wing Avenue from Airport Drive to Bradley Avenue (Thursday 5/26/2011) 


 


The existing AM, PM, and ADT volumes are shown on Figure 5, with count data included in 
Appendix C.  The LOS calculated for the intersections and street segments are shown in Tables 2 
and 3, respectively. 
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Figure 5:  Existing (Year 2011) Volumes 
13 1 2 1 2 6 28 12


(16) (19) (5) (2) (8) (17) (36) (15)


14 (5) 2 (4) 1 (1) 14 (12) 31 (64) 22 (8)
212 (312) 376 (218) 218 (368) 412 (236) 251 (473) 474 (281)
42 (102) 84 (69) 64 (56) 67 (62)


83 19 61 50 9 68
(93) (17) (125) (75) (8) (117)
123 162 191 332 0 106
(96) (233) (253) (228) () (211)


70 (99) 198 (219) 113 (166) 241 (156)
174 (335) 365 (190) 209 (339) 428 (343) 163 (378) 403 (365)
40 (45) 139 (173) 238 (422) 198 (228)


33 95 85 275 1 231
(29) (173) (133) (211) (3) (451)
17 3 30 319


(29) (39) (29) (391)


25 (16) 32 (26) 20 (71)
1 (1) 2 (2) 9 (45) 35 (21)


4 (11) 10 (13) 12 (16)


2 22 14 201
(7) (48) (8) (396)


30 277 90 7 58 101
(17) (613) (131) (10) (114) (135)


31 (12) 115 (82) 4 (4) 177 (159)
35 (8) 47 (27) 138 (198) 213 (138)
64 (12) 59 (71) 12 (19) 56 (37)


54 374 50 20 111 40
(19) (344) (55) (12) (104) (65)


1,172 ADT ADT
908 ADT


ADT


ADT
1,446


993 ADT
ADT


18,125
586 ADT ADT


656 ADT
ADT


ADT
ADT ADT


9,581


8,410


14,116


11,599 14,916


11,190


8,487
7,393


5,487


4,451
4,526


ADT


ADT


8


4


1 2 3


7 9


65


No Scale


N


Jo
hn


so
n 


Av
e


Bradley Ave


M
ag


no
lia


 A
ve


 (
SC


 8
50


)


Jo
e 


C
ro


ss
on


 D
r


W
in


g 
Av


e


4 5 6


3


1


Airport Dr
8 9


7


Floyd Smith Dr


2


Pi
on


ee
r W


ay


Bradley Ave
(SA 890)


PROJECT 
SITE


Gillespie 
Field


LEGEND


XX       AM peak hour volumes at intersections
(YY)      PM peak hour volumes at intersections


Z,ZZZ     ADT volumes shown along segments


1 Intersection reference number for LOS tables


10 11


10 11


C
uy


am
ac


a 
St


M
ar


sh
al


l A
ve


Kenney St


Denny Way


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Bradley 
Ave


Jo
hn


-
so


n 
   


 
Av


e


Pi
on


-
ee


r  
   


W
ay


W
in


g 
   


 
Av


e


M
ag


-
no


lia
   


 
Av


e


SR
-6


7 
   


SB
 


Ra
m


ps


SR
-6


7 
   


NB
 


Ra
m


ps


Jo
e 


C
ro


ss
on


 
D


r


Floyd Smith 
Dr


Airport Dr Airport Dr


M
ag


-
no


lia
   


 
Av


e


W
in


g 
Av


e


C
uy


a-
m


ac
a 


St M
ar


-
sh


al
l 


Av
e


() represents a 0 PM peak hour volume


Cypress Ln


Vernon Way


ADT


ADT


 







 


   


  
                         LOS Engineering, Inc.                        Gillespie Field 70-Acre Redevelopment Project Draft TIS 
                        Traffic and Transportation                       11           September 7, 2011 


 


 
TABLE 2:  EXISTING (YEAR 2011) INTERSECTION LEVEL OF SERVICE 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3


1) Bradley Ave at All AM 9.8 A
Johnson Ave (S) All PM 10.3 B
2) Bradley Ave at All AM 9.1 A
Pioneer Way (S) All PM 9.6 A
3) Bradley Ave at SB LR AM 12.0 B
Wing Ave (U) SB LR PM 11.4 B
4) Bradley Ave at All AM 25.4 C
Magnolia Dr (S) All PM 38.7 D
5) Bradley Ave at All AM 30.6 C
SR-67 SB Ramps (S) All PM 34.0 C


Caltrans ILV All AM 1,358 Un
Caltrans ILV All PM 1,566 Cap


6) Bradley Ave at All AM 36.6 D
SR-67 NB Ramps (S) All PM 61.3 E


Caltrans ILV All AM 1,358 Un
Caltrans ILV All PM 1,566 Cap


7) Joe Crosson Dr at SB LR AM 8.6 A
Floyd Smith Dr (U) SB LR PM 8.9 A
8) Airport Dr at NB LR AM 8.5 A
Wing Ave (U) NB LR PM 8.8 A
9) Airport Dr at EB LR AM 12.3 B
Magnolia Dr (U) EB LR PM 18.6 C
10) Bradley Ave at All AM 14.6 B
Cuyamaca St (S) All PM 11.4 B
11) Bradley Ave at All AM 15.4 B
Marshall Ave (S) All PM 16.0 B
Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: Level of
Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity.  Movement: SB LR: Southbound Left Right approach.


Existing
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TABLE 3:  EXISTING (YEAR 2011) SEGMENT ADT VOLUMES AND LEVEL OF SERVICE 
 


Classification Existing
Segment (existing lanes) LOS E Daily


Roadway Width Capacity Volume V/C LOS
Airport Drive


Joe Crosson Dr to Wing Ave I1 (2U) 30' 4,500 908 0.202 C
Wing Ave to Magnolia Ave Non-Circ (2U) 36' 4,500 1,172 0.260 C


Bradley Avenue
Cuyamaca St to Marshall Ave P1 (4U+TWLTL+P) 82' 37,000 4,526 0.122 A
Marshall Ave to Johnson Ave P1 (4U+TWLTL+P) 82' 37,000 7,393 0.200 A


Johnson Ave to Pioneer/Floyd Smith P1 (4U+TWLTL+P) 82' 37,000 8,487 0.229 A
Floyd Smith/Pioneer to Wing Ave P1 (4U+TWLTL+P) 82' 37,000 11,190 0.302 A


Wing Ave to Magnolia Ave 4.1B (4U+TWLTL+P) 82' 34,200 11,599 0.339 A
Magnolia Dr to SR 67 SB Ramps 4.1B (4U) 80' 34,200 18,125 0.530 B


SR 67 SB Ramps to SR 67 NB Ramps 4.1B (2U) 24' 16,200 14,916 0.921 E
Floyd Smith Drive


Joe Crosson to Bradley Ave I1 (2U) 24' 4,500 586 0.130 C
Joe Crosson Drive


Floyd Smith Dr to Airport Dr I1 (2U) 32' 4,500 993 0.221 C
Johnson Avenue


Floyd Smith Dr to Bradley Ave I1 (2U+P) 50' 4,500 656 0.146 C
Bradley Ave to Vernon Way P1 (4U+P) 64' 34,200 5,487 0.160 A


Magnolia Avenue
Kenney St to Airport Dr 4.1B (2U) 32' 16,200 9,581 0.591 D


Airport Dr to Denny Way 4.1B (2U) 32' 16,200 8,410 0.519 D
Denny Way to Bradley Ave 4.1B (4D+P) 78' 34,200 14,116 0.413 B


Pioneer Way
Bradley Ave to Cypress Ln IC1 (4U+P) 64' 34,200 4,451 0.130 A


Wing Avenue
Bradley Ave to Airport Dr I1 (2U) 28' 4,500 1,446 0.321 C


Notes: 1City of El Cajon classification; however, operations per County classification capacities.  Classifications:  4.1B=Major 
Road with intermittent turn lanes, but analyzed per existing pavement width, P=Prime, I=Industrial, and IC=Industrial Collector.  
Daily volume is a 24 hour volume. LOS: Level of Service.  V/C: Volume to Capacity ratio. BOLD indicated unacceptable LOS.  
Under Existing (Year 2011) conditions, all study intersections and roadways were calculated to 
operate at LOS D or better with the exception of: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM), and 
2) The segment of Bradley Avenue from SR-67 SB to NB Ramps (LOS E daily basis). 


 
Existing (Year 2011) LOS & ILV calculations are included in Appendix F.   
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3.0 Project Impact Analysis 
 
The parameters by which this traffic study was prepared included the determination of what 
intersections and roadways are to be analyzed, the scenarios to be analyzed and the methods 
required for analysis.  The criteria for each of these parameters are included herein. 
 


3.1 Analysis and Methodology 
 
The project study area for this size of a project is generally determined by the limits or extent of 
where 25 or more peak hour trips would travel from the proposed project as documented in the 
County of San Diego Guidelines for Determining Significance and Report Format and Content 
Requirements Transportation and Traffic dated February 19, 2010. 
 
Based on the San Diego County Report Format & Content Requirements Transportation and 
Traffic, dated February 19, 2010, a project may have the following allowable increases on 
congested roadway segments and intersections as shown in Table 4. 
 
TABLE 4:  COUNTY OF SAN DIEGO SIGNIFICANT TRAFFIC IMPACT THRESHOLDS 


Measures of Significant Project Impacts to Congestion 
Allowable Increases on Congested Roads and Intersections 


 
Operations 


Road Segments Intersections 
2-Lane 
Road 


4-Lane 
Road 


6-Lane 
Road Signalized Un-signalized 


LOS E 200 
ADT 


400 
ADT 


600 
ADT Delay of 2 seconds or less 20 or less peak hour trips 


on a critical movement 


LOS F 100 
ADT 


200 
ADT 


300 
ADT 


Either a Delay of 1 second, or 5 
peak hour trips or less on a 


critical movement 


5 or less peak hour trips 
on a critical movement 


Source:  County of San Diego Guidelines for Determining Significance Tables 1 and 2.  Note:  A critical movement is one that is 
experiencing excessive queues.  By adding proposed project trips from a list of projects, these same tables are used to determine 
if total cumulative impacts are significant.  If cumulative impacts are found to be significant, each project that contributes any trips 
must mitigate it’s share of the cumulative impacts.  The County may also determine impacts have occurred on roads even when a 
project’s traffic or cumulative impacts do not trigger an unacceptable level of service, when such traffic uses a significant amount 
of remaining road capacity. 


  
A direct impact would occur when the significance criteria are exceeded.  If the proposed project 
exceeds the values provided in the above table, then the individually proposed project would result 
in a direct traffic impact


 


.  Specific improvements to mitigate direct impacts must be identified.  
Potential mitigation measures may include traffic signal improvements (i.e. signal coordination), 
physical road improvements, street re-striping and parking prohibitions, fair-share contributions, 
and transportation demand management programs. 


A cumulative impact would occur when two conditions are met: 1) build-out of all near-term 
projects results in a cumulative traffic impact and 2) the amount of traffic generated by the 
individual proposed project contributes (even in a small part) to that cumulative impact.  Both 
conditions must be met for an individual project to result in a cumulative traffic impact


 


.  Cumulative 
impacts are typically mitigated through participation in the San Diego County TIF program.   
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The traffic analyses prepared for this study were based on the 2000 Highway Capacity Manual 
(HCM) operations analysis using Level of Service (LOS) evaluation criteria.  The operating 
conditions of the study intersections, roadway segments, and highway segments are measured using 
the HCM LOS designations, which range from A through F.  LOS A represents the best operating 
condition and LOS F denotes the worst operating condition.  The individual LOS criteria for each 
roadway component are described below. 
 


3.1.1 Intersections 
 
The study intersections were analyzed based on the operational analysis outlined in the 2000 
HCM.  This process defines LOS in terms of average control delay per vehicle, which is measured 
in seconds.  LOS at the intersections were calculated using the computer software program Synchro 
7.0 (Trafficware Corporation, 2003).  The HCM LOS for the range of delay by seconds for un-
signalized and signalized intersections is described in Table 5. 
 
TABLE 5:  UN-SIGNALIZED AND SIGNALIZED INTERSECTION LEVEL OF SERVICE (HCM 2000) 


Level of Service Un-Signalized 
Average Control Delay (seconds/vehicle) 


Signalized 
Average Control Delay (seconds/vehicle) 


A 0-10 0-10 
B > 10-15 > 10-20 
C > 15-25 > 20-35 
D > 25-35 > 35-55 
E > 35-50 > 55-80 
F > 50 > 80 


Source: Highway Capacity Manual 2000. 
 
The accepted methodology by Caltrans for un-signalized intersections is the most current edition of 
the HCM and Intersecting Lane Vehicles (ILV) methodology for signalized intersections as noted 
on page 5 of Caltrans’ Guide for the Preparation of Traffic Impact Studies, December 2002 (excerpt 
included in Appendix G).  The ILV operations are shown below in Table 6. 
 
TABLE 6:  SIGNALIZED INTERSECTION ILV OPERATIONS (CALTRANS) 


Description of Operations ILV per Hour 
Stable Flow <1,200 


Unstable Flow 1,200-1,500 
Capacity > 1,500 


Source: Caltrans’ Highway Design Manual page 400-23. 
 


3.1.2 Street Segments 
 
The street segments were analyzed based on the functional classification of the roadways using the 
County of San Diego Average Daily Vehicle Trips capacity lookup table.  Some of the study 
segments are located within the City of El Cajon.  For the segments within the City of El Cajon, the 
roadway width and number of travel lanes were compared to County standards to determine a 
County based LOS.  The San Diego County roadway segment capacities and LOS standards are 
summarized in Table 7. 
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TABLE 7:  STREET SEGMENT DAILY CAPACITY AND LOS (COUNTY OF SAN DIEGO GENERAL PLAN UPDATE) 


Proposed GPU  
Road Classification 


 LOS 
A 


LOS 
B 


LOS 
C 


LOS 
D 


LOS 
E 


Expressway 6.1 <36,000 <54,000 <70,000 <86,000 <108,000 
Prime Arterial 6.2 <22,200 <37,000 <44,600 <50,000 <57,000 


Major Road w/raised median 4.1A <14,800 <24,700 <29,600 <33,400 <37,000 
Major Rd w/intermittent turn lanes 4.1B <13,700 <22,800 <27,400 <30,800 <34,200 


Boulevard w/raised median 4.2A <18,000 <21,000  <24,000 <27,000 <30,000  
Boulevard w/Intermittent turn lanes 4.2B <16,800 <19,600  <22,500 <25,000 <28,000  


Community Collector w/raised median 2.1A <10,000 <11,700  <13,400 <15,000 <19,000  
Community Collector w/cont. turn lane 2.1B <3,000 <6,000 <9,500 <13,500 <19,000 


Community Collector w/intermit. turn lane 2.1C <3,000 <6,000 <9,500 <13,500 <19,000 
Community Collector w/improvement opt. 2.1D <3,000 <6,000 <9,500 <13,500 <19,000 


Community Collector 2.1E <1,900 <4,100 <7,100 <10,900 <16,200 
Light Collector w/raised median 2.2A <3,000 <6,000 <9,500 <13,500 <19,000 


Light Collector w/continuous left turn lane 2.2B <3,000 <6,000 <9,500 <13,500 <19,000 
Light Collector w/intermittent turn lane 2.2C <3,000 <6,000 <9,500 <13,500 <19,000 


Light Collector w/ passing lane 2.2D <3,000 <6,000 <9,500 <13,500 <19,000 
Light Collector - no median 2.2E <1,900 <4,100 <7,100 <10,900 <16,200 


Light Collector w/ reduced shoulder 2.2F <5,800 <6,800 <7,800 <8,700 <9,700 
Minor Collector w/raised median 2.3A <3,000 <6,000 <7,000 <8,000 <9,000 


Minor Collector w/intermittent turn lane 2.3B <3,000 <6,000 <7,000 <8,000 <9,000 
Minor Collector – no median 2.3C <1,900 <4,100 <6,000 <7,000 <8,000 


Source: County of San Diego Public Road Standards, March 3, 2010. 
 


3.1.3 Freeway Segments 
 


The freeway segment analysis is based on a multilane highway LOS criteria using a Volume to 
Capacity (V/C) ratio as outlined in the 2000 HCM.  The accepted methodology by Caltrans for 
the analysis of freeway sections is to use the most current edition of the HCM as noted on page 5 
of Caltrans’ Guide for the Preparation of Traffic Impact Studies, December 2002.  For this 
project, a freeway segment analysis was not performed as the project traffic does not exceed 50 
peak hour trips to the surrounding freeway segments. 
 


3.1.4 Freeway On-Ramps 
 
The freeway on-ramp analysis is based on Caltrans significance criteria where 20 or more project 
trips are anticipated to use an on-ramp.  For this project, an on-ramp analysis was not performed as 
the project traffic does not exceed 20 peak hour trips to the surrounding freeway on-ramps.  
 


3.2 Project Trip Generation 
 


Three (3) alternatives are proposed for the project.  Each alternative will require that Airport Drive 
between Joe Crosson Drive and Wing Avenue be vacated except for the No Project Alternative.   
 
Traffic generation is typically calculated using the SANDAG Brief Guide of Vehicular Traffic 
Generation Rates for the San Diego Region, April 2002.  The SANDAG rate for a general aviation 
airport documents a rate for an entire airport (runway, taxiway, and hanger areas).  Because the 
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proposed project includes the installation of new hangar areas and connecting taxiway for Gillespie 
Field, the SANDAG rate is not an exact match and was not used.  Rather, a site specific traffic 
generation rate for hanger areas was calculated from data collected at Gillespie Field during the 
weeks of March 27, 2006 and April 3, 2006.  Roadway sets (hoses stretched across the driveways) 
and hand counts (people manually counting the number of vehicles and their direction of arrival and 
departure) were used to document the existing traffic generation at the hanger areas for Gillespie 
Field.   
 
The traffic generation for the Gillespie Field Proposed Project and Alternative A were calculated 
based on traffic generation rates calculated from existing hangar areas as described in the previous 
paragraph.  The runway and taxiway areas were excluded from the calculations because the new 
project traffic generation is based only on the amount of new hangar area.  The Gillespie Field daily 
trip generation rate was calculated at 25.57 ADT/acre with the AM peak at 7.2 percent (65/35 split) 
and PM peak at 7.9 percent (34/66 split).  The Gillespie Field count data and traffic generation rate 
calculations are included in Appendix H.  For traffic generation comparison purposes, the 
SANDAG rate from the Brief Guide of Vehicular Traffic Generation Rates for the San Diego 
Region, April 2002 for general aviation airport is 6 ADT/acre with the AM peak at 9 percent (70/30 
split) and PM peak at 15 percent (50/50 split).   
 
The study roadway segment and intersection counts were collected with the 70-acre project site 
being vacant; therefore, no traffic credit was taken for previous uses on the project site. 
 


3.2.1 Proposed Project  
 
The proposed project consists of the redevelopment of a 70-acre site, previously the El Cajon 
Speedway, located to the north and west of the intersection of Bradley Avenue and Wing Avenue 
in the City of El Cajon from non-aviation use to aviation use (as shown in Figure 6).  This 
change in land use will allow for the installation of a taxiway, apron, and drainage improvements 
(approximately 15 acres), and later aviation development by private developers (approximately 
55 acres).  Future improvements to be completed by private developers may include: rectangular 
and T-hanger spaces, conventional hangar space, aircraft tie-downs, apron area, automobile 
parking, aircraft maintenance space, and aviation office and business space.  The entire site 
would be developed, including the area presently being used as a mitigation site for San Diego 
ambrosia (Ambrosia pumila) that was set aside for prior development at the airport.  All plants 
from this area would be transplanted to a suitable receptor site. 
 
Based on the calculated Gillespie Field traffic generation rates, the proposed project is calculated to 
generate 1,407 ADT, 102 AM peak hour trips (66 inbound and 36 outbound), and 111 PM peak 
hour trips (38 inbound and 73 outbound) as shown in Table 8 (traffic generation calculations 
included in Appendix H). 
 
TABLE 8:  PROPOSED PROJECT TRAFFIC GENERATION  
Proposed
Land Use ADT % IN OUT % IN OUT


Gillespie Field Aviation Related Development 25.57 ADT/Acre 55 Acres 1,407 7.2% 0.65 0.35 66 36 7.9% 0.34 0.66 38 73
Source:  Gillespie Field data collected in 2006; ADT-Average Daily Traffic; Split-percent inbound and outbound.


PM
Rate Size & Units Split Split


AM
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Figure 6:  Proposed Project 


 
Source:  County of San Diego. 
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3.2.2 Alternative A (Reduced Footprint Alternative) 
 
Alternative A (Reduced Footprint Alternative) consists of developing 66.9 acres (15 acres apron 
& taxiway and 51.9 acres aviation development) while preserving 3.1 acres (1.1 acres of San 
Diego ambrosia with 100-ft softscape buffer of 2 acres).  This alternative is shown in Figure 7.   
 
Alternative A would include the installation of a taxiway, apron, and drainage improvements 
(approximately 15 acres) and the same type of private development described in the Proposed 
Project.   
 
Alternative A (Reduced Footprint Alternative) is proposed as a reduced project size of 51.9 acres 
available for the construction of new aviation related development. Based on the calculated 
Gillespie Field traffic generation rates, Alternative A with 51.9 acres of new aviation related 
development is calculated to generate 1,327 ADT, 96 AM peak hour trips (62 inbound and 34 
outbound), and 105 PM peak hour trips (36 inbound and 69 outbound) as shown in Table 9 (traffic 
generation calculations included in Appendix H). 
 
TABLE 9:  ALTERNATIVE A TRAFFIC GENERATION 
Proposed
Land Use ADT % IN OUT % IN OUT


Gillespie Field Aviation Related Development 25.57 ADT/Acre 51.9 Acres 1,327 7.2% 0.65 0.35 62 34 7.9% 0.34 0.66 36 69
Source:  Gillespie Field data collected in 2006; ADT-Average Daily Traffic; Split-percent inbound and outbound.


PM
Rate Size & Units Split Split


AM


 
 


3.2.3 No Project Alternative 
 
No further development would occur at Gillespie Field on the 70-acre site as the No Project 
Alternative.   No project traffic would be generated as part of the no project alternative. 
 
 







 


   


  
                         LOS Engineering, Inc.                        Gillespie Field 70-Acre Redevelopment Project Draft TIS 
                        Traffic and Transportation                       19           September 7, 2011 


 
Figure 7:  Alternative A (Reduced Footprint Alternative) 


 
               Source:  County of San Diego. 
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3.3 Project Traffic Distribution and Assignment 
 
Project trips were distributed to the adjacent roadway network based on a SANDAG Select Zone 
Assignment (SZA) (SANDAG Model Series 10 Cities/County).  Minor distribution adjustments 
were made based on existing northbound and southbound travel patterns recorded on Joe Crosson 
Drive from the manual driveway counts.  Copies of the SZAs and a description of the minor 
distribution adjustments are included in Appendix I.   
 


3.3.1 Project Assignment 
 
The Proposed Project and Alternative A near-term distribution with details on the overall regional 
and local absorptions is shown in Figure 8.   
 
Project traffic was assigned to the surrounding roadways based on the distribution and project size 
of each alternative.  The assignments were also based on the anticipated sequence of alternatives 
(i.e. the Proposed Project and Alternative A have access from both Joe Crosson Drive and Wing 
Avenue).  
 
The assignment of the Proposed Project traffic is shown in Figure 9.  Figure 10 shows the 
assignment of Alternative A.  A traffic assignment is not applicable for the No Project alternative. 
 


3.3.2 Airport Drive Closure  
 
The construction of a new taxiway connecting the project site to other aviation-use areas at Gillespie 
Field will require the closure of Airport Drive between Joe Crosson Drive and Wing Avenue.  The 
closure of Airport Drive will not generate new traffic but will cause a redistribution of existing 
traffic.  The existing traffic that uses Joe Crosson Drive consists of: 
 


1) Vehicles driving to or from the existing aircraft hangars on the west side of Joe Crosson 
Drive, and 


 
2) Vehicles that use Joe Crosson Drive as a cut-through route between the intersections of 


Bradley Avenue/Johnson Avenue and Magnolia Avenue/Airport Drive.  
 


The re-distribution of these trips due to the closure of Airport Drive is shown in Figure 11 with re-
distribution calculations included in Appendix J. 
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Figure 8:  Proposed Project and Alternative A Distribution 
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Figure 9:  Proposed Project Traffic Assignment 
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Figure 10:  Alternative A Traffic Assignment 
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Figure 11:  Airport Drive Closure Re-Distribution 
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3.4 Existing (Year 2011) + Proposed Project Conditions 
 
This section documents Existing (Year 2011) plus Project scenarios (Proposed Project and 
Alternative A) with redistributed traffic due to closure of Airport Drive. 


3.4.1 Existing (Year 2011) + Proposed Project Conditions 
 
This scenario accounts for the addition of the proposed project traffic onto the Existing (Year 2011) 
background traffic for AM, PM and ADT conditions.  A conservative scenario is analyzed where 
the entire proposed project is analyzed under existing conditions. 
 
The peak hour intersection volumes and daily traffic volumes for the proposed project traffic is 
shown in Figure 12.  Intersection 8 (Wing Avenue at Airport Drive) is no longer analyzed as an 
intersection because the closure of Airport Drive effectively eliminates the west leg of this 
intersection.  The proposed project traffic added on top of existing (year 2011) traffic is shown in 
Figure 13.  The intersections LOS are shown in Table 10 with street segments LOS shown in 
Table 11.  Please note that intersection #9 (Airport Dr at Magnolia Ave) has a decrease in delay 
(improvement) due to a higher re-distribution on the minor leg than new traffic being added by the 
Proposed Project.   
 
TABLE 10:  EXISTING (YEAR 2011) + PROPOSED PROJECT INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3 Delay2 LOS3 Delta4 Direct Impact5


1) Bradley Ave at All AM 9.8 A 10.1 B 0.3 No
Johnson Ave (S) All PM 10.3 B 10.4 B 0.1 No
2) Bradley Ave at All AM 9.1 A 9.1 A 0.0 No
Pioneer Way (S) All PM 9.6 A 9.7 A 0.1 No
3) Bradley Ave at SB LR AM 12.0 B 12.4 B 0.4 No
Wing Ave (U) SB LR PM 11.4 B 12.2 B 0.8 No
4) Bradley Ave at All AM 25.4 C 27.1 C 1.7 No
Magnolia Dr (S) All PM 38.7 D 47.7 D 9.0 No
5) Bradley Ave at All AM 30.6 C 31.3 C 0.7 No
SR-67 SB Ramps (S) All PM 34.0 C 35.4 D 1.4 No


Caltrans ILV All AM 1,358 Un 1,370 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,582 Cap NA NA


6) Bradley Ave at All AM 36.6 D 37.6 D 1.0 No
SR-67 NB Ramps (S) All PM 61.3 E 66.8 E 5.5 Yes


Caltrans ILV All AM 1,358 Un 1,370 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,582 Cap NA NA


7) Joe Crosson Dr at SB LR AM 8.6 A 9.2 A 0.6 No
Floyd Smith Dr (U) SB LR PM 8.9 A 9.4 A 0.5 No
8) Airport Dr at NB LR AM 8.5 A NA NA NA NA
Wing Ave (U) NB LR PM 8.8 A NA NA NA NA
9) Airport Dr at EB LR AM 12.3 B 12.2 B -0.1 No
Magnolia Dr (U) EB LR PM 18.6 C 16.9 C -1.7 No
10) Bradley Ave at All AM 14.6 B 14.8 B 0.2 No
Cuyamaca St (S) All PM 11.4 B 11.5 B 0.1 No
11) Bradley Ave at All AM 15.4 B 15.5 B 0.1 No
Marshall Ave (S) All PM 16.0 B 16.2 B 0.2 No


Existing Existing + Proposed Project


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) 
LOS: Level of Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity. 4) Delta = increase in delay from project. 5) 
Direct Impact? (yes or no). Movement: SB LR: Southbound Left Right approach. NA: Not applicable.  
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Figure 12:  Proposed Project Traffic 
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Figure 13:  Existing (2011) + Proposed Project Volumes 
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TABLE 11:  EXISTING (YEAR 2011) + PROPOSED PROJECT SEGMENT ADT VOLUMES AND LOS 
 


Classification Existing Re- Project
Segment (existing lanes) LOS E Daily Directed Daily Daily Change Direct


Roadway Width Capacity Volume V/C LOS Volumes Volume Volume V/C LOS in V/C Impact?
Airport Drive


Joe Crosson Dr to Wing Ave I1 (2U) 30' 4,500 908 0.202 C -908 NA NA NA NA NA NA
Wing Ave to Magnolia Ave Non-Circ (2U) 36' 4,500 1,172 0.260 C -590 225 807 0.179 C -0.081 No


Bradley Avenue
Cuyamaca St to Marshall Ave P1 (4U+TWLTL+P) 82' 37,000 4,526 0.122 A 0 338 4,864 0.131 A 0.009 No
Marshall Ave to Johnson Ave P1 (4U+TWLTL+P) 82' 37,000 7,393 0.200 A 0 422 7,815 0.211 A 0.011 No


Johnson Ave to Pioneer/Floyd Smith P1 (4U+TWLTL+P) 82' 37,000 8,487 0.229 A 565 352 9,404 0.254 A 0.025 No
Floyd Smith/Pioneer to Wing Ave P1 (4U+TWLTL+P) 82' 37,000 11,190 0.302 A 908 689 12,787 0.346 A 0.043 No


Wing Ave to Magnolia Ave 4.1B (4U+TWLTL+P) 82' 34,200 11,599 0.339 A 590 464 12,653 0.370 A 0.031 No
Magnolia Dr to SR 67 SB Ramps 4.1B (4U) 80' 34,200 18,125 0.530 B 0 295 18,420 0.539 B 0.009 No


SR 67 SB Ramps to SR 67 NB Ramps 4.1B (2U) 24' 16,200 14,916 0.921 E 0 218 15,134 0.934 E 0.013 Yes
Floyd Smith Drive


Joe Crosson to Bradley Ave I1 (2U) 24' 4,500 586 0.130 C 343 352 1,281 0.285 C 0.154 No
Joe Crosson Drive


Floyd Smith Dr to Airport Dr I1 (2U) 32' 4,500 993 0.221 C -222 704 1,475 0.328 C 0.107 No
Johnson Avenue


Floyd Smith Dr to Bradley Ave I1 (2U+P) 50' 4,500 656 0.146 C -565 352 443 0.098 C -0.047 No
Bradley Ave to Vernon Way P1 (4U+P) 64' 34,200 5,487 0.160 A 0 281 5,768 0.169 A 0.008 No


Magnolia Avenue
Kenney St to Airport Dr 4.1B (2U) 32' 16,200 9,581 0.591 D 0 239 9,820 0.606 D 0.015 No


Airport Dr to Denny Way 4.1B (2U) 32' 16,200 8,410 0.519 D 590 239 9,239 0.570 D 0.051 No
Denny Way to Bradley Ave 4.1B (4D+P) 78' 34,200 14,116 0.413 B 590 239 14,945 0.437 B 0.024 No


Pioneer Way
Bradley Ave to Cypress Ln IC1 (4U+P) 64' 34,200 4,451 0.130 A 0 14 4,465 0.131 A 0.000 No


Wing Avenue
Bradley Ave to Airport Dr I1 (2U) 28' 4,500 1,446 0.321 C 318 478 2,242 0.498 C 0.177 No


Existing + Proposed Project


Notes: 1City of El Cajon classification; however, operations based on County classification capacities.  Classifications:   4.1B=Major Road with intermittent 
turn lanes, but analyzed per existing pavement width, P = Prime, I = Industrial, and IC = Industrial Collector.  Daily volume is a 24 hour volume. LOS: Level 
of Service.  V/C: Volume to Capacity ratio. NA: Not Applicable as Airport Drive between Joe Crosson and Wing Ave will be vacated as part of project.  
BOLD indicated unacceptable LOS.  
Under Existing (Year 2011) + Proposed Project conditions, all study intersections and roadways 
were calculated to operate at LOS D or better with the exception of: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM Peak) 
2) The segment of Bradley Avenue from SR-67 SB to NB Ramps (LOS E daily basis) 


 
The proposed project is calculated to have two (2) direct project impacts


 


.  One at the intersection of 
Bradley Avenue/SR-67 NB Ramps and one on the segment of Bradley Avenue from SR-67 SB 
Ramps to SR-67 NB Ramps because the project traffic exceeds the allowable traffic thresholds.  
Existing (Year 2011) + Proposed Project LOS and ILV calculations are included in Appendix K.  
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3.4.2 Existing (Year 2011) + Alternative A Conditions 
 
This scenario accounts for the addition of Alternative A traffic onto the Existing (Year 2011) 
background traffic for AM, PM and ADT conditions.  It is unknown if the project will be completed 
in phases or at one time.  A conservative scenario is analyzed where Alternative A is analyzed under 
existing conditions. 
 
The peak hour intersection volumes and daily traffic volumes for Alternative A traffic is shown in 
Figure 14 (please note that there are negative peak hour and daily volumes shown due the re-
distribution).  Intersection 8 (Wing Avenue at Airport Drive) is no longer analyzed as an 
intersection because the closure of Airport Drive effectively eliminates the west leg of this 
intersection.  Existing (year 2011) + Alternative A traffic is shown in Figure 15.  The intersections 
LOS are shown in Table 12 with street segments LOS shown in Table 13.  Please note that 
intersection #9 (Airport Drive at Magnolia Avenue) has a decrease in delay (improvement) due to a 
higher re-distribution on the minor leg than new traffic being added by Alternative A.   
 
TABLE 12:  EXISTING (YEAR 2011) + ALTERNATIVE A INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3 Delay2 LOS3 Delta4 Direct Impact5


1) Bradley Ave at All AM 9.8 A 10.1 B 0.3 No
Johnson Ave (S) All PM 10.3 B 10.4 B 0.1 No
2) Bradley Ave at All AM 9.1 A 9.1 A 0.0 No
Pioneer Way (S) All PM 9.6 A 9.7 A 0.1 No
3) Bradley Ave at SB LR AM 12.0 B 12.4 B 0.4 No
Wing Ave (U) SB LR PM 11.4 B 12.2 B 0.8 No
4) Bradley Ave at All AM 25.4 C 27.6 C 2.2 No
Magnolia Dr (S) All PM 38.7 D 47.8 D 9.1 No
5) Bradley Ave at All AM 30.6 C 31.3 C 0.7 No
SR-67 SB Ramps (S) All PM 34.0 C 35.2 D 1.2 No


Caltrans ILV All AM 1,358 Un 1,369 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,581 Cap NA NA


6) Bradley Ave at All AM 36.6 D 37.6 D 1.0 No
SR-67 NB Ramps (S) All PM 61.3 E 66.8 E 5.5 Yes


Caltrans ILV All AM 1,358 Un 1,369 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,581 Cap NA NA


7) Joe Crosson Dr at SB LR AM 8.6 A 9.1 A 0.5 No
Floyd Smith Dr (U) SB LR PM 8.9 A 9.4 A 0.5 No
8) Airport Dr at NB LR AM 8.5 A NA NA NA NA
Wing Ave (U) NB LR PM 8.8 A NA NA NA NA
9) Airport Dr at EB LR AM 12.3 B 12.3 B 0.0 No
Magnolia Dr (U) EB LR PM 18.6 C 17.0 C -1.6 No
10) Bradley Ave at All AM 14.6 B 14.8 B 0.2 No
Cuyamaca St (S) All PM 11.4 B 11.5 B 0.1 No
11) Bradley Ave at All AM 15.4 B 15.5 B 0.1 No
Marshall Ave (S) All PM 16.0 B 16.1 B 0.1 No


Existing Existing + Alternative A


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) 
LOS: Level of Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity. 4) Delta = increase in delay from project. 5) 
Direct Impact? (yes or no). Movement: SB LR: Southbound Left Right approach. NA: Not applicable.  
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Figure 14:  Alternative A Traffic 
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Figure 15:  Existing (2011) + Alternative A Volumes 
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TABLE 13:  EXISTING (YEAR 2011) + ALTERNATIVE A SEGMENT ADT VOLUMES AND LOS 


Classification Existing Re- Project
Segment (existing lanes) LOS E Daily Directed Daily Daily Change Direct


Roadway Width Capacity Volume V/C LOS Volumes Volume Volume V/C LOS in V/C Impact?
Airport Drive


Joe Crosson Dr to Wing Ave I1 (2U) 30' 4,500 908 0.202 C -908 NA NA NA NA NA NA
Wing Ave to Magnolia Ave Non-Circ (2U) 36' 4,500 1,172 0.260 C -590 212 794 0.176 C -0.084 No


Bradley Avenue
Cuyamaca St to Marshall Ave P1 (4U+TWLTL+P) 82' 37,000 4,526 0.122 A 0 318 4,844 0.131 A 0.009 No
Marshall Ave to Johnson Ave P1 (4U+TWLTL+P) 82' 37,000 7,393 0.200 A 0 398 7,791 0.211 A 0.011 No


Johnson Ave to Pioneer/Floyd Smith P1 (4U+TWLTL+P) 82' 37,000 8,487 0.229 A 565 332 9,384 0.254 A 0.024 No
Floyd Smith/Pioneer to Wing Ave P1 (4U+TWLTL+P) 82' 37,000 11,190 0.302 A 908 650 12,748 0.345 A 0.042 No


Wing Ave to Magnolia Ave 4.1B (4U+TWLTL+P) 82' 34,200 11,599 0.339 A 590 438 12,627 0.369 A 0.030 No
Magnolia Dr to SR 67 SB Ramps 4.1B (4U) 80' 34,200 18,125 0.530 B 0 279 18,404 0.538 B 0.008 No


SR 67 SB Ramps to SR 67 NB Ramps 4.1B (2U) 24' 16,200 14,916 0.921 E 0 206 15,122 0.933 E 0.013 Yes
Floyd Smith Drive


Joe Crosson to Bradley Ave I1 (2U) 24' 4,500 586 0.130 C 343 332 1,261 0.280 C 0.150 No
Joe Crosson Drive


Floyd Smith Dr to Airport Dr I1 (2U) 32' 4,500 993 0.221 C -222 664 1,435 0.319 C 0.098 No
Johnson Avenue


Floyd Smith Dr to Bradley Ave I1 (2U+P) 50' 4,500 656 0.146 C -565 332 423 0.094 C -0.052 No
Bradley Ave to Vernon Way P1 (4U+P) 64' 34,200 5,487 0.160 A 0 265 5,752 0.168 A 0.008 No


Magnolia Avenue
Kenney St to Airport Dr 4.1B (2U) 32' 16,200 9,581 0.591 D 0 226 9,807 0.605 D 0.014 No


Airport Dr to Denny Way 4.1B (2U) 32' 16,200 8,410 0.519 D 590 226 9,226 0.570 D 0.050 No
Denny Way to Bradley Ave 4.1B (4D+P) 78' 34,200 14,116 0.413 B 590 226 14,932 0.437 B 0.024 No


Pioneer Way
Bradley Ave to Cypress Ln IC1 (4U+P) 64' 34,200 4,451 0.130 A 0 13 4,464 0.131 A 0.000 No


Wing Avenue
Bradley Ave to Airport Dr I1 (2U) 28' 4,500 1,446 0.321 C 318 451 2,215 0.492 C 0.171 No


Existing + Alternative A


Notes: 1City of El Cajon classification; however, operations based on County classification capacities.  Classifications:   4.1B=Major Road with intermittent 
turn lanes, but analyzed per existing pavement width, P = Prime, I = Industrial, and IC = Industrial Collector.  Daily volume is a 24 hour volume. LOS: Level 
of Service.  V/C: Volume to Capacity ratio. NA: Not Applicable as Airport Drive between Joe Crosson and Wing Ave will be vacated as part of project.  
BOLD indicated unacceptable LOS.  
 
Under Existing (Year 2011) + Alternative A conditions, all study intersections and roadways were 
calculated to operate at LOS D or better with the exception of: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM Peak) 
2) The segment of Bradley Avenue from SR-67 SB to NB Ramps (LOS E daily basis) 


 
The proposed project is calculated to have two (2) direct project impacts


 


.  One at the intersection of 
Bradley Avenue/SR-67 NB Ramps and one on the segment of Bradley Avenue from SR-67 SB 
Ramps to SR-67 NB Ramps because the project traffic exceeds the allowable traffic thresholds.  
Existing (Year 2011) + Alternative A LOS and ILV calculations are included in Appendix L.  
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3.5 Cumulative Projects 
 
A total of thirteen (13) nearby cumulative projects were identified that are anticipated to add traffic 
study the study area roadways.  Of the 13 cumulative projects, eight (8) are located within the 
County of San Diego, two (2) in the City of El Cajon, and three (3) in the City of Santee. 
 
The following list identifies the jurisdiction where the cumulative project is located and a brief 
description of the cumulative project type and traffic generation. 
 


1) County of San Diego: TPM 20862 (Tills) – A three-lot single-family residential project 
at 624 Pepper Drive.  The traffic generation for this cumulative project is calculated at 
36 ADT with 3 AM and 4 PM peak hour trips. 
 


2) County of San Diego: TPM 20921 (Turtle Lane lot split) – A three-lot single-family 
residential subdivision project at 1269 Turtle Lane.  The traffic generation for this 
cumulative project is calculated at 36 ADT with 3 AM and 4 PM peak hour trips. 
 


3) County of San Diego: TPM 20931 (Pepper Dr. TPM) – A three-lot single-family 
residential subdivision project at 560 Pepper Drive.  The traffic generation for this 
cumulative project is calculated at 36 ADT with 3 AM and 4 PM peak hour trips. 
 


4) County of San Diego: TM 5517 – A 10 lot or less subdivision located in the vicinity of 
Pepper Drive and Pepper Villa Drive.  The traffic generation for this cumulative project 
is calculated at 120 ADT with 10 AM and 13 PM peak hour trips. 
 


5) County of San Diego: TPM 21125 (Bush Minor Subdivision) – A four-lot and remainder 
subdivision project located at 1226 Pepper Drive.  The traffic generation for this 
cumulative project is calculated at 48 ADT with 4 AM and 4 PM peak hour trips. 
 


6) County of San Diego: TPM 21171 (Topper Lane Estates) – A four-lot subdivision 
project located on Topper Lane just south of at Pepper Drive.  The traffic generation for 
this cumulative project is calculated at 48 ADT with 4 AM and 4 PM peak hour trips. 
 


7) County of San Diego: TPM 20988 (Poinciana Drive TPM) - A 4-lot single-family 
residential subdivision project at 8428 Poinciana Drive.  The traffic generation for this 
cumulative project is calculated at 48 ADT with 4 AM and 4 PM peak hour trips. 
 


8) County of San Diego: TPM 20925 (Marlinda Way TPM) - A 2-lot single-family 
residential subdivision project at 2040 Marlinda Way.  The traffic generation for this 
cumulative project is calculated at 24 ADT with 2 AM and 3 PM peak hour trips. 
 


9) City of El Cajon:  Forrester Creek Industrial Park – This project is generally located on 
the northwest corner of Cuyamaca Street and Weld Blvd/Marshall Avenue and is 
proposed to consist of 462,973 square feet of industrial park space.  The traffic 
generation for this cumulative project is calculated at 3,890 ADT with 430 AM and 469 
PM peak hour trips. 







 


   


  
                         LOS Engineering, Inc.                        Gillespie Field 70-Acre Redevelopment Project Draft TIS 
                        Traffic and Transportation                       34           September 7, 2011 


 
10) City of El Cajon: Airport Hanger – This 1.38 acre project consists of a hanger building 


on the airport land on the east side of N. Marshall Avenue north of Bradley Avenue. 
 


11) City of Santee: Lantern Crest Senior Residential Care Facility – This senior residential 
care facility is located at the eastern terminus of Prospect Avenue, east of Graves 
Avenue in Santee.  This project is calculated to generate 1,440 ADT with 71 AM peak 
hour trips and 100 PM peak hour trips. 
 


12) City of Santee: Commercial Mixed Use – A commercial mixed use project with 5,000 sf 
retail, 3,200 sf restaurant, 3,800 sf office, and a car wash located on Mission Gorge 
Road between Riverview Parkway and Magnolia Avenue.  This project is calculated to 
generate 3,054 ADT. 
 


13) City of Santee: Fanita Mixed Use – A mixed use residential and commercial project 
general located at the northern terminus of Cuyamaca Street and Fanita Parkway.  This 
overall project is calculated to generate 15,698 external ADT with 1,253 external AM 
peak hour trips and 1,552 external PM peak hour trips. 


 
The individual and combined cumulative traffic generation is shown in Table 14. 


 
 


TABLE 14:  CUMULATIVE PROJECT TRAFFIC GENERATION 


IN OUT IN OUT
1) County of San Diego: TPM 20862 3 Single Family 36 1 2 3 1
2) County of San Diego: TPM 20921 3 Single Family 36 1 2 3 1
3) County of San Diego: TPM 20931 3 Single Family 36 1 2 3 1
4) County of San Diego: TM 5517 11 Single Family 132 3 7 9 4
5) County of San Diego: TPM 21125 4 Single Family 48 1 3 3 1
6) County of San Diego: TPM 21171 4 Single Family 48 1 3 3 1
7) County of San Diego: TPM 20988 4 Single Family 48 1 3 3 1
8) County of San Diego: TPM 20925 2 Single Family 24 1 1 2 1
9) City of El Cajon: Forrester Creek 462,973 Square Feet 3,890 386 44 94 375
10) City of El Cajon: Airport Hangar 1.38 Acres 35 2 1 1 2
11) City of Santee: Lantern Crest 360 Units 1,440 28 43 60 40
12) City of Santee: Commercial Mixed Use Mixed Use 3,054 97 90 87 92
13) City of Santee: Fanita Mixed Use 15,698 411 842 1,060 494


Totals 24,525 934 1,043 1,331 1,014
Notes: ADT: Average Daily Trips


Cumulative Projects AM PMSize Units ADT


 
 
The individual and group cumulative project locations and volumes are shown on Figure 16 with 
support data included in Appendix M. 
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Figure 16:  Cumulative Project Locations and Volumes 
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3.5.1 Existing (Year 2011) +Proposed Project + Cumulative Conditions 
 
This scenario accounts for the addition of cumulative traffic onto Existing (Year 2011) plus the 
Proposed Project traffic for the AM Peak Hour, PM Peak Hour and ADT conditions.  The peak hour 
intersection volumes and daily traffic volumes for this scenario are shown in Figure 17. 
 
The LOS calculated for the intersections is shown in Table 15. The street segment LOS is shown in 
Table 16.  Please note that intersection #9 (Airport Dr at Magnolia Ave) has a decrease in delay 
(improvement) due to a higher re-distribution on the minor leg than new traffic being added by the 
Proposed Project. 
 
TABLE 15:  EXISTING (YEAR 2011) + PROPOSED PROJECT + CUMULATIVE INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3 Delay2 LOS3 Delta4 Cumulative Impact5


1) Bradley Ave at All AM 9.8 A 10.4 B 0.6 No
Johnson Ave (S) All PM 10.3 B 10.7 B 0.4 No
2) Bradley Ave at All AM 9.1 A 9.2 A 0.1 No
Pioneer Way (S) All PM 9.6 A 9.9 A 0.3 No
3) Bradley Ave at SB LR AM 12.0 B 12.5 B 0.5 No
Wing Ave (U) SB LR PM 11.4 B 12.3 B 0.9 No
4) Bradley Ave at All AM 25.4 C 27.9 C 2.5 No
Magnolia Dr (S) All PM 38.7 D 49.4 D 10.7 No
5) Bradley Ave at All AM 30.6 C 32.6 C 2.0 No
SR-67 SB Ramps (S) All PM 34.0 C 36.5 D 2.5 No


Caltrans ILV All AM 1,358 Un 1,386 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,605 Cap NA NA


6) Bradley Ave at All AM 36.6 D 38.9 D 2.3 No
SR-67 NB Ramps (S) All PM 61.3 E 70.9 E 9.6 Yes


Caltrans ILV All AM 1,358 Un 1,386 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,605 Cap NA NA


7) Joe Crosson Dr at SB LR AM 8.6 A 9.2 A 0.6 No
Floyd Smith Dr (U) SB LR PM 8.9 A 9.4 A 0.5 No
8) Airport Dr at NB LR AM 8.5 A NA NA NA NA
Wing Ave (U) NB LR PM 8.8 A NA NA NA NA
9) Airport Dr at EB LR AM 12.3 B 12.5 B 0.2 No
Magnolia Dr (U) EB LR PM 18.6 C 17.6 C -1.0 No
10) Bradley Ave at All AM 14.6 B 15.2 B 0.6 No
Cuyamaca St (S) All PM 11.4 B 12.2 B 0.8 No
11) Bradley Ave at All AM 15.4 B 16.6 B 1.2 No
Marshall Ave (S) All PM 16.0 B 18.3 B 2.3 No


Existing + Proposed Project + Cumulative


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: 
Level of Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity. 4) Delta = increase in delay from project. 5) 
Cumulative Impact? (yes or no). Movement: SB LR: Southbound Left Right approach. NA: Not applicable.


Existing
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Figure 17:  Existing (Year 2011) + Proposed Project + Cumulative Volumes 
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TABLE 16:  EXISTING (YEAR 2011) + PROPOSED PROJECT WITH AIRPORT DRIVE RE-DISTRIBUTION + CUMULATIVE 
SEGMENT ADT VOLUMES AND LOS 
 


Classification Existing with Proposed Cumulative
Segment (existing lanes) LOS E Redirected Project Daily Daily Cumulative


Roadway Width Capacity Volume Volume Volume Volume V/C LOS Impact?
Airport Drive


Joe Crosson Dr to Wing Ave I1 (2U) 30' 4,500 0 0 0 NA NA NA NA
Wing Ave to Magnolia Ave Non-Circ (2U) 36' 4,500 582 225 0 807 0.179 C No


Bradley Avenue
Cuyamaca St to Marshall Ave P1 (4U+TWLTL+P) 82' 37,000 4,526 338 449 5,313 0.144 A No
Marshall Ave to Johnson Ave P1 (4U+TWLTL+P) 82' 37,000 7,393 422 392 8,207 0.222 A No


Johnson Ave to Pioneer/Floyd Smith P1 (4U+TWLTL+P) 82' 37,000 9,052 352 289 9,693 0.262 A No
Floyd Smith/Pioneer to Wing Ave P1 (4U+TWLTL+P) 82' 37,000 12,098 689 284 13,071 0.353 A No


Wing Ave to Magnolia Ave 4.1B (4U+TWLTL+P) 82' 34,200 12,189 464 251 12,904 0.377 A No
Magnolia Dr to SR 67 SB Ramps 4.1B (4U) 80' 34,200 18,125 295 173 18,593 0.544 B No


SR 67 SB Ramps to SR 67 NB Ramps 4.1B (2U) 24' 16,200 14,916 218 204 15,338 0.947 E Yes
Floyd Smith Drive


Joe Crosson to Bradley Ave I1 (2U) 24' 4,500 929 352 0 1,281 0.285 C No
Joe Crosson Drive


Floyd Smith Dr to Airport Dr I1 (2U) 32' 4,500 771 704 0 1,475 0.328 C No
Johnson Avenue


Floyd Smith Dr to Bradley Ave I1 (2U+P) 50' 4,500 91 352 0 443 0.098 C No
Bradley Ave to Vernon Way P1 (4U+P) 64' 34,200 5,487 281 120 5,888 0.172 A No


Magnolia Avenue
Kenney St to Airport Dr 4.1B (2U) 32' 16,200 9,581 239 370 10,190 0.629 D No


Airport Dr to Denny Way 4.1B (2U) 32' 16,200 9,000 239 370 9,609 0.593 D No
Denny Way to Bradley Ave 4.1B (4D+P) 78' 34,200 14,706 239 370 15,315 0.448 B No


Pioneer Way
Bradley Ave to Cypress Ln IC1 (4U+P) 64' 34,200 4,451 14 64 4,529 0.132 A No


Wing Avenue
Bradley Ave to Airport Dr I1 (2U) 28' 4,500 1,764 478 0 2,242 0.498 C No


Existing + Prop. Proj. + Cumulative


Notes: 1City of El Cajon classification; however, operations based on County classification capacities.  Classifications:   4.1B=Major Road with intermittent 
turn lanes, but analyzed per existing pavement width, P = Prime, I = Industrial, and IC = Industrial Collector.  Daily volume is a 24 hour volume. LOS: Level 
of Service.  V/C: Volume to Capacity ratio. NA: Not Applicable as Airport Drive between Joe Crosson and Wing Ave will be vacated as part of project.  
BOLD indicated unacceptable LOS.  
Under Existing (Year 2011) + Proposed Project + Cumulative conditions, all study intersections and 
roadways were calculated to operate at LOS D or better with the exception of: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM), and  
2) The segment of Bradley Avenue from SR-67 SB to NB Ramps (LOS E daily basis) 


 
The proposed project is calculated to have two (2) cumulative impacts to the aforementioned 
locations because traffic from the proposed project along with traffic from the cumulative projects 
exceeds the allowable thresholds.  Existing (Year 2011) + Proposed Project + Cumulative LOS and 
ILV calculations are included in Appendix N.   
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3.5.2 Existing (Year 2011) +Alternative A + Cumulative Conditions 
 
This scenario accounts for the addition of cumulative traffic onto Existing (Year 2011) + 
Alternative A traffic for the AM Peak Hour, PM Peak Hour and ADT conditions.  The peak hour 
intersection volumes and daily traffic volumes for this scenario are shown in Figure 18. 
 
The LOS calculated for the intersections is shown in Table 17.  The street segment LOS is shown in 
Table 18.  Please note that intersection #9 (Airport Dr at Magnolia Ave) has a decrease in delay 
(improvement) due to a higher re-distribution on the minor leg than new traffic being added by 
Alternative A. 
 
TABLE 17:  EXISTING (YEAR 2011) + ALTERNATIVE A + CUMULATIVE INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3 Delay2 LOS3 Delta4 Cumulative Impact5


1) Bradley Ave at All AM 9.8 A 10.4 B 0.6 No
Johnson Ave (S) All PM 10.3 B 10.7 B 0.4 No
2) Bradley Ave at All AM 9.1 A 9.2 A 0.1 No
Pioneer Way (S) All PM 9.6 A 9.9 A 0.3 No
3) Bradley Ave at SB LR AM 12.0 B 12.4 B 0.4 No
Wing Ave (U) SB LR PM 11.4 B 12.4 B 1.0 No
4) Bradley Ave at All AM 25.4 C 26.2 C 0.8 No
Magnolia Dr (S) All PM 38.7 D 49.5 D 10.8 No
5) Bradley Ave at All AM 30.6 C 34.3 C 3.7 No
SR-67 SB Ramps (S) All PM 34.0 C 36.4 D 2.4 No


Caltrans ILV All AM 1,358 Un 1,385 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,604 Cap NA NA


6) Bradley Ave at All AM 36.6 D 39.9 D 3.3 No
SR-67 NB Ramps (S) All PM 61.3 E 70.9 E 9.6 Yes


Caltrans ILV All AM 1,358 Un 1,385 Un NA NA
Caltrans ILV All PM 1,566 Cap 1,604 Cap NA NA


7) Joe Crosson Dr at SB LR AM 8.6 A 9.1 A 0.5 No
Floyd Smith Dr (U) SB LR PM 8.9 A 9.4 A 0.5 No
8) Airport Dr at NB LR AM 8.5 A NA NA NA NA
Wing Ave (U) NB LR PM 8.8 A NA NA NA NA
9) Airport Dr at EB LR AM 12.3 B 12.6 B 0.3 No
Magnolia Dr (U) EB LR PM 18.6 C 17.6 C -1.0 No
10) Bradley Ave at All AM 14.6 B 15.2 B 0.6 No
Cuyamaca St (S) All PM 11.4 B 12.2 B 0.8 No
11) Bradley Ave at All AM 15.4 B 16.6 B 1.2 No
Marshall Ave (S) All PM 16.0 B 18.3 B 2.3 No


Existing Existing + Alternative A + Cumulative


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) 
LOS: Level of Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity. 4) Delta = increase in delay from project. 5) 
Cumulative Impact? (yes or no). Movement: SB LR: Southbound Left Right approach. NA: Not applicable.  
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Figure 18:  Existing (Year 2011) + Alternative A + Cumulative Volumes 
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TABLE 18:  EXISTING (YEAR 2011) + ALTERNATIVE A + CUMULATIVE SEGMENT ADT VOLUMES AND LOS 


Classification Existing with Alternative Cumulative
Segment (existing lanes) LOS E Redirected A Daily Daily Cumulative


Roadway Width Capacity Volume Volume Volume Volume V/C LOS Impact?
Airport Drive


Joe Crosson Dr to Wing Ave I1 (2U) 30' 4,500 0 0 0 NA NA NA NA
Wing Ave to Magnolia Ave Non-Circ (2U) 36' 4,500 582 212 0 794 0.176 C No


Bradley Avenue
Cuyamaca St to Marshall Ave P1 (4U+TWLTL+P) 82' 37,000 4,526 318 449 5,293 0.143 A No
Marshall Ave to Johnson Ave P1 (4U+TWLTL+P) 82' 37,000 7,393 398 392 8,183 0.221 A No


Johnson Ave to Pioneer/Floyd Smith P1 (4U+TWLTL+P) 82' 37,000 9,052 332 289 9,673 0.261 A No
Floyd Smith/Pioneer to Wing Ave P1 (4U+TWLTL+P) 82' 37,000 12,098 650 284 13,032 0.352 A No


Wing Ave to Magnolia Ave 4.1B (4U+TWLTL+P) 82' 34,200 12,189 438 251 12,878 0.377 A No
Magnolia Dr to SR 67 SB Ramps 4.1B (4U) 80' 34,200 18,125 279 173 18,577 0.543 B No


SR 67 SB Ramps to SR 67 NB Ramps 4.1B (2U) 24' 16,200 14,916 206 204 15,326 0.946 E Yes
Floyd Smith Drive


Joe Crosson to Bradley Ave I1 (2U) 24' 4,500 929 332 0 1,261 0.280 C No
Joe Crosson Drive


Floyd Smith Dr to Airport Dr I1 (2U) 32' 4,500 771 664 0 1,435 0.319 C No
Johnson Avenue


Floyd Smith Dr to Bradley Ave I1 (2U+P) 50' 4,500 91 332 0 423 0.094 C No
Bradley Ave to Vernon Way P1 (4U+P) 64' 34,200 5,487 265 120 5,872 0.172 A No


Magnolia Avenue
Kenney St to Airport Dr 4.1B (2U) 32' 16,200 9,581 226 370 10,177 0.628 D No


Airport Dr to Denny Way 4.1B (2U) 32' 16,200 9,000 226 370 9,596 0.592 D No
Denny Way to Bradley Ave 4.1B (4D+P) 78' 34,200 14,706 226 370 15,302 0.447 B No


Pioneer Way
Bradley Ave to Cypress Ln IC1 (4U+P) 64' 34,200 4,451 13 64 4,528 0.132 A No


Wing Avenue
Bradley Ave to Airport Dr I1 (2U) 28' 4,500 1,764 451 0 2,215 0.492 C No


Existing + Alt A + Cumulative


Notes: 1City of El Cajon classification; however, operations based on County classification capacities.  Classifications:   4.1B=Major Road with intermittent 
turn lanes, but analyzed per existing pavement width, P = Prime, I = Industrial, and IC = Industrial Collector.  Daily volume is a 24 hour volume. LOS: Level 
of Service.  V/C: Volume to Capacity ratio. NA: Not Applicable as Airport Drive between Joe Crosson and Wing Ave will be vacated as part of project.  
BOLD indicated unacceptable LOS.  
Under Existing (Year 2011) + Alternative A + Cumulative conditions, all study intersections and 
roadways were calculated to operate at LOS D or better with the exception of: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM), and 
2) The segment of Bradley Avenue from SR-67 SB to NB Ramps (LOS E daily basis) 


 
Alternative A is calculated to have two (2) cumulative impacts to the aforementioned locations 
because traffic from the proposed project along with traffic from the cumulative projects exceeds 
the allowable thresholds.  Existing (Year 2011) + Alternative A + Cumulative LOS and ILV 
calculations are included in Appendix O.   
 


3.6 Congestion Management Program Requirements 
 


The Congestion Management Program (CMP), adopted in 2008 by the SANDAG Transportation 
Committee, is intended to determine if a large project (greater than 2,400 daily trips or 200 peak 
hour trips) will adversely impact the CMP transportation system.  A CMP analysis is NOT 
included because this project is calculated to generate less than 2,400 ADT and less than 200 
peak hour trips.   
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3.7 Hazards to Pedestrians or Bicyclists 
 
The project will be constructed in accordance with current design standards. 
 


3.8 Site Access 
 
Project driveways are proposed on Joe Crosson Drive and Wing Avenue.  The exact locations were 
unknown during the preparation of this report.  It is recommended that the final driveway locations 
be designed in accordance with the latest San Diego County design standards. 
 


3.9 Impact Summary Table 
 
Two (2) direct impacts were calculated for the Proposed Project and Alternative A while two (2) 
cumulative impacts were calculated for the Proposed Project and Alternative A.  The calculated 
impacts are summarized below in Table 19.  
 
TABLE 19:  IMPACT SUMMARY TABLE 
Analysis Scenario Project Scenario Traffic Impact Summary 


Proposed Project Alternative A 
 Existing (Year 2011)  


Direct Impacts 2* 2* 
   


Cumulative Impacts 2* 2* 
   


0 Build-Out (Year 2030) 0 
* Intersection of Bradley Avenue/SR-67 NB Ramps and Segment of Bradley Avenue between SR-67 SB and 
NB Ramps 
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4.0 General Plan Update Consistency and Build-Out Analysis 
 


The proposed project is consistent with the General Plan Update.   
 
 


4.1 Build-Out (Year 2030) Conditions 
 
Build-Out (Year 2030) conditions were analyzed using SANDAG year 2030 forecasted ADTs for 
the study area roadways (SANDAG Model Series 11).  The Build-Out (Year 2030) intersection 
volumes were factored up from existing turn moves based on the increase in ADT for each 
intersection approach for intersection numbers 1-3 and 7-11 (SANDAG ADTs and intersection turn 
moves are included in Appendix P).  Year 2030 intersection volumes for locations 4-6 were 
obtained from the Final PSR (PDS) Bradley Avenue/State Route 67 Interchange California 
Department of Transportation and Dokken Engineering, April 2004 (copies included in Appendix 
Q).  
 
The segment operations were calculated using the number of lanes shown in the SANDAG 
model under year 2030 conditions.  The intersection operations were calculated using existing 
conditions (intersection locations 1, 2, 3, 7, 8, 10 and 11), proposed conditions as shown in the 
Final PSR(PDS) Bradley Avenue/State Route 67 Interchange report (intersection locations 4, 5 
and 6 – copies included in Appendix T), or anticipated configuration due to segment build-out 
(intersection location 9).  The Build-Out (Year 2030) roadway conditions used for analysis are 
shown in Figure 19. 
 
The project traffic volumes were subtracted from the Build-Out (Year 2030) volumes to establish 
a Build-Out (Year 2030) without Project scenario – which was used in this section.  The basis for 
this approach is due to the project Traffic Analysis Zone (TAZ) having a higher traffic 
generation coded in the build-out traffic model than the proposed project.  The SANDAG model 
has a trip assignment of 1,499 for the project TAZ while the proposed project has a calculated 
assignment of 1,407.  A copy of the SANDAG trip assignment for the study TAZ is included in 
Appendix R. 
 
Under Build-Out (Year 2030) conditions, Airport Drive traffic was not


 


 re-distributed because the 
SANDAG model from which the build-out volumes were obtained, does not include minor 
streets such as Airport Drive.  Therefore, build-out volumes were not available for Airport Drive 
to re-distribute.  


Build-Out (Year 2030) peak hour intersection volumes and daily traffic volumes are shown in 
Figure 20.  The LOS calculated for the intersections and street segments are shown in Tables 20 
and 21, respectively.  Please note that intersection 8 (Wing Avenue at Airport Drive) is no 
longer analyzed as an intersection because the closure of Airport Drive effectively eliminates the 
west leg of this intersection. 
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Figure 19:  Build-Out (Year 2030) Roadway Conditions used for Analyses 
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Figure 20:  Build-Out (Year 2030) Volumes 
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TABLE 20:  BUILD-OUT (YEAR 2030) INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3


1) Bradley Ave at All AM 12.6 B
Johnson Ave (S) All PM 15.1 B
2) Bradley Ave at All AM 10.6 B
Pioneer Way (S) All PM 13.4 B
3) Bradley Ave at SB LR AM 12.7 B
Wing Ave (U) SB LR PM 12.8 B
4) Bradley Ave at All AM 24.8 C
Magnolia Dr (S) All PM 49.5 D
5) Bradley Ave at All AM 19.9 B
SR-67 SB Ramps (S) All PM 18.3 B


Caltrans ILV All AM 1,253 Un
Caltrans ILV All PM 1,465 Un


6) Bradley Ave at All AM 24.0 C
SR-67 NB Ramps (S) All PM 28.7 C


Caltrans ILV All AM 1,253 Un
Caltrans ILV All PM 1,465 Un


7) Joe Crosson Dr at SB LR AM 9.3 A
Floyd Smith Dr (U) SB LR PM 9.7 A
8) Airport Dr at NB LR AM NA NA
Wing Ave (U) NB LR PM NA NA
9) Airport Dr at EB LR AM 13.9 B
Magnolia Dr (U) EB LR PM 24.7 C
10) Bradley Ave at All AM 16.1 B
Cuyamaca St (S) All PM 13.3 B
11) Bradley Ave at All AM 21.3 C
Marshall Ave (S) All PM 21.9 C
Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: Level of
Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity.  Movement: SB LR: Southbound Left Right approach.


Build-Out


 
 


TABLE 21:  BUILD-OUT (YEAR 2030) SEGMENT ADT VOLUMES AND LOS 
Segment Classification LOS E Daily


Capacity Volume V/C LOS
Airport Drive


Joe Crosson Dr to Wing Ave Industrial1 Vacated Vacated Vacated Vacated
Wing Ave to Magnolia Ave Non-Circulation 4,500 1,788 0.397 C


Bradley Avenue
Cuyamaca St to Marshall Ave Prime1 37,000 4,682 0.127 A
Marshall Ave to Johnson Ave Prime1 37,000 13,602 0.368 A


Johnson Ave to Pioneer/Floyd Smith Prime1 37,000 16,668 0.450 B
Floyd Smith/Pioneer to Wing Ave Prime1 37,000 11,350 0.307 A


Wing Ave to Magnolia Ave 4.1B 34,200 11,562 0.338 A
Magnolia Dr to SR 67 SB Ramps 4.1B 34,200 18,221 0.533 B


SR 67 SB Ramps to SR 67 NB Ramps 4.1B 34,200 22,794 0.666 B
Floyd Smith Drive


Joe Crosson to Bradley Ave Industrial1 4,500 1,168 0.260 C
Joe Crosson Drive


Floyd Smith Dr to Airport Dr Industrial1 4,500 836 0.186 C
Johnson Avenue


Floyd Smith Dr to Bradley Ave Industrial1 4,500 368 0.082 C
Bradley Ave to Vernon Way Prime1 34,200 5,735 0.168 A


Magnolia Avenue
Kenney St to Airport Dr 4.1B 34,200 13,774 0.403 B


Airport Dr to Denny Way 4.1B 34,200 16,774 0.490 B
Denny Way to Bradley Ave 4.1B 34,200 16,774 0.490 B


Pioneer Way
Bradley Ave to Cypress Ln Industrial Collector1 34,200 7,987 0.234 A


Wing Avenue
Bradley Ave to Airport Dr Industrial1 4,500 2,049 0.455 C


Notes: 1City of El Cajon classification; however, operations based on County classification capacities. Daily volume is a 
24 hour volume. LOS: Level of Service.  V/C: Volume to Capacity ratio.  Airport Drive will be vacated as part of project.


Build-Out
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Under Build-Out (Year 2030) conditions, all study intersections and roadways were calculated to 
operate at LOS D or better. These calculations were based on roadway improvements as shown in 
Figure 25 where the Bradley Avenue interchange at SR-67 is completed. Build-out (year 2030) LOS 
and ILV calculations are included in Appendix S. 
 


4.2 Build-Out (Year 2030) + Proposed Project Conditions 
 
This scenario accounts for the Build-Out (Year 2030) + Proposed Project conditions for AM, PM 
and ADT conditions.  Because the project TAZ has more traffic coded in the traffic model than 
calculated for the project, the SANDAG Build-Out (Year 2030) roadway volumes already have the 
project volumes embedded.  The peak hour intersection volumes and daily traffic volumes for this 
scenario are shown in Figure 21.  The LOS calculated for the intersections and street segments are 
shown in Tables 22 and 23, respectively.   
 
TABLE 22:  BUILD-OUT (YEAR 2030) + PROPOSED PROJECT INTERSECTION LOS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3 Delay2 LOS3 Delta4 Build-Out Impact5


1) Bradley Ave at All AM 12.6 B 12.9 B 0.3 No
Johnson Ave (S) All PM 15.1 B 18.3 B 3.2 No
2) Bradley Ave at All AM 10.6 B 10.6 B 0.0 No
Pioneer Way (S) All PM 13.4 B 13.7 B 0.3 No
3) Bradley Ave at SB LR AM 12.7 B 13.6 B 0.9 No
Wing Ave (U) SB LR PM 12.8 B 13.6 B 0.8 No
4) Bradley Ave at All AM 24.8 C 25.0 C 0.2 No
Magnolia Dr (S) All PM 49.5 D 50.0 D 0.5 No
5) Bradley Ave at All AM 19.9 B 20.1 B 0.2 No
SR-67 SB Ramps (S) All PM 18.3 B 18.3 B 0.0 No


Caltrans ILV All AM 1,253 Un 1,262 Un NA NA
Caltrans ILV All PM 1,465 Un 1,473 Un NA NA


6) Bradley Ave at All AM 24.0 C 24.1 C 0.1 No
SR-67 NB Ramps (S) All PM 28.7 C 28.8 C 0.1 No


Caltrans ILV All AM 1,253 Un 1,262 Un NA NA
Caltrans ILV All PM 1,465 Un 1,473 Un NA NA


7) Joe Crosson Dr at SB LR AM 9.3 A 9.6 A 0.3 No
Floyd Smith Dr (U) SB LR PM 9.7 A 10.1 B 0.4 No
8) Airport Dr at NB LR AM NA NA NA NA NA NA
Wing Ave (U) NB LR PM NA NA NA NA NA NA
9) Airport Dr at EB LR AM 13.9 B 14.3 B 0.4 No
Magnolia Dr (U) EB LR PM 24.7 C 26.4 C 1.7 No
10) Bradley Ave at All AM 16.1 B 17.4 B 1.3 No
Cuyamaca St (S) All PM 13.3 B 14.0 B 0.7 No
11) Bradley Ave at All AM 21.3 C 21.5 C 0.2 No
Marshall Ave (S) All PM 21.9 C 22.0 C 0.1 No
Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: 
Level of Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity. 4) Delta = increase in delay from project. 5) Direct 
Impact? (yes or no). Movement: SB LR: Southbound Left Right approach. NA: Not applicable.


Build-Out Build-Out + Proposed Project
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Figure 21:  Build-Out (Year 2030) + Proposed Project Volumes 
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TABLE 23:  BUILD-OUT (YEAR 2030) + PROPOSED PROJECT SEGMENT ADT VOLUMES AND LOS 


Project
Segment Classification LOS E Daily Daily Daily Change Build-Out


Capacity Volume V/C LOS Volume Volume1 V/C LOS In V/C Impact?
Airport Drive


Joe Crosson Dr to Wing Ave Industrial1 Vacated NA NA NA NA NA NA NA NA NA
Wing Ave to Magnolia Ave Non-Circulation 4,500 1,775 0.394 C 225 2,000 2 0.444 C 0.050 No


Bradley Avenue
Cuyamaca St to Marshall Ave Prime1 37,000 4,662 0.126 A 338 5,000 0.135 A 0.009 No
Marshall Ave to Johnson Ave Prime1 37,000 13,578 0.367 A 422 14,000 0.378 A 0.011 No


Johnson Ave to Pioneer/Floyd Smith Prime1 37,000 16,648 0.450 B 352 17,000 0.459 B 0.010 No
Floyd Smith/Pioneer to Wing Ave Prime1 37,000 11,311 0.306 A 689 12,000 0.324 A 0.019 No


Wing Ave to Magnolia Ave 4.1B 34,200 11,536 0.337 A 464 12,000 0.351 A 0.014 No
Magnolia Dr to SR 67 SB Ramps 4.1B 34,200 18,205 0.532 B 295 18,500 0.541 B 0.009 No


SR 67 SB Ramps to SR 67 NB Ramps 4.1B 34,200 22,782 0.666 B 218 23,000 0.673 C 0.006 No
Floyd Smith Drive


Joe Crosson to Bradley Ave Industrial1 4,500 1,148 0.255 C 352 1,500 2 0.333 C 0.078 No
Joe Crosson Drive


Floyd Smith Dr to Airport Dr Industrial1 4,500 796 0.177 C 704 1,500 2 0.333 C 0.156 No
Johnson Avenue


Floyd Smith Dr to Bradley Ave Industrial1 4,500 348 0.077 C 352 700 2 0.156 C 0.078 No
Bradley Ave to Vernon Way Prime1 34,200 5,719 0.167 A 281 6,000 0.175 A 0.008 No


Magnolia Avenue
Kenney St to Airport Dr 4.1B 34,200 13,761 0.402 B 239 14,000 0.409 B 0.007 No


Airport Dr to Denny Way 4.1B 34,200 16,761 0.490 B 239 17,000 0.497 A 0.007 No
Denny Way to Bradley Ave 4.1B 34,200 16,761 0.490 B 239 17,000 0.497 B 0.007 No


Pioneer Way
Bradley Ave to Cypress Lnndustrial Collector 34,200 7,986 0.234 A 14 8,000 0.234 A 0.000 No


Wing Avenue
Bradley Ave to Airport Dr Industrial1 4,500 2,022 0.449 C 478 2,500 2 0.556 C 0.106 No


Notes: 1City of El Cajon classification; however, operations based on County classification capacities.
Johnson and Pioneer analyzed at 34,200 because they are already build-out at 4 lanes without a center TWLTL.
2Volumes not shown on SANDAG model as these are non-circulation roadway; therefore, build-out volume higher than existing volumes were used.


Build-Out Build-Out + Proposed Project


 
 
Under Build-Out (Year 2030) + Proposed Project conditions, all study intersections and 
roadways were calculated to operate at LOS D or better.  No Build-Out (Year 2030) + Proposed 
Project impacts were calculated


 


.  These calculations were based on Build-Out roadway 
improvements as shown in Figure 25 where the Bradley Avenue interchange at SR-67 is 
completed.  Build-Out (Year 2030) + Proposed Project LOS and ILV calculations are included in 
Appendix T. 


4.3 Build-Out (Year 2030) + Alternative A Conditions 
 
A qualitative assessment of the Built-Out + Alternative A scenario indicates that this scenario 
will not have any build-out impacts because Alternative A is calculated to generate less traffic 
than the proposed project, which has no calculated build-out impacts.   
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5.0 Summary of Recommended Mitigation and Project Design Features 
 
Under year 2011 conditions, the Proposed Project is calculated to have two (2) direct and two (2) 
cumulative impacts; and Alternative A is calculated to have two (2) direct and two (2) cumulative 
impacts.   
 
Under year 2030 conditions, the Proposed Project and Alternative A do not have any calculated 
impacts because the roadways were analyzed with build-out geometrics to match the SANDAG 
model parameter and capacities.  This section describes the recommended mitigation measures. 
 


5.1 Existing (Year 2011) Direct Impacts and Recommended Mitigation 
 
Under Existing (Year 2011) conditions, the Proposed Project and Alternative A both have the same 
two (2) direct impacts calculated at: 
 


1) The intersection of Bradley Avenue/SR-67 NB Ramps (LOS E PM), and 
2) The segment of Bradley Avenue from SR-67 SB to SR-67 NB Ramps (LOS E daily basis) 


 


5.1.1 Existing (Year 2011) Proposed Project Recommended Mitigation 
 
The direct intersection impact at Bradley Avenue/SR-67 NB Ramps and segment impact on 
Bradley Avenue between the NB and SB Ramps can all be mitigated to below a level of 
significance through the construction of the proposed interchange improvements as shown 
previously in Figure 25 and documented in the Final PSR(PDS) Bradley Avenue/State Route 67 
Interchange California Department of Transportation and Dokken Engineering, April 2004 
(Appendix T).  With the proposed Bradley Avenue interchange improvements, the intersection 
PM LOS E becomes LOS C as shown in Table 24 and the segment LOS E becomes LOS B as 
shown in Table 25. Intersection LOS calculations are included in Appendix U.  
 
 


TABLE 24:  RECOMMENDED INTERSECTION MITIGATION FOR EXISTING (YEAR 2011) + PROPOSED PROJECT IMPACTS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3


6) Bradley Ave at All AM 37.6 D
SR-67 NB Ramps (S) All PM 66.8 E


Caltrans ILV All AM 1,370 Un
Caltrans ILV All PM 1,582 Cap


With Mitigation AM 22.4 C
Identified in the PM 21.1 C
Bradley Avenue AM 697 Stb


PSR PM 810 Stb


Existing + Proposed Project


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: Level of 
Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity.  Movement: SB LR: Southbound Left Right approach.  PSR: Project Study 
Report. "Final PSR (PDS) Bradley Avenue/State Route 67 Interchange California Department of Transportation and Dokken 
Engineering, April 2004.  
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TABLE 25:  RECOMMENDED SEGMENT MITIGATION FOR EXISTING (YEAR 2011) + PROPOSED PROJECT IMPACTS 
Classification Existing + Proposed Project


Segment (existing lanes) LOS E Daily
Roadway Width Capacity Volume V/C LOS


Bradley Avenue
SR 67 SB Ramps to SR 67 NB Ramps M (2U) 24' 16,200 15,134 0.934 E


With mitigation to a 4 lane roadway as part of the PSR 34,200 15,134 0.443 B
Notes: Classification, M = Major, Daily volume is a 24 hour volume. LOS: Level of Service.  V/C: Volume to Capacity ratio.  
 


5.1.2 Existing (Year 2011) Alternative A Recommended Mitigation 
 
The direct intersection impact at Bradley Avenue/SR-67 NB Ramps and segment impact on 
Bradley Avenue between the NB and SB Ramps can all be mitigated to below a level of 
significance through the construction of the proposed interchange improvements as shown 
previously in Figure 25 and documented in the Final PSR(PDS) Bradley Avenue/State Route 67 
Interchange California Department of Transportation and Dokken Engineering, April 2004 
(Appendix T).  With the proposed Bradley Avenue interchange improvements, the intersection 
PM LOS E becomes LOS C as shown in Table 26 and the segment LOS E becomes LOS B as 
shown in Table 27. Intersection LOS calculations are included in Appendix V.  
 
 


TABLE 26:  RECOMMENDED INTERSECTION MITIGATION FOR EXISTING (YEAR 2011) + ALTERNATIVE A IMPACTS 
Intersection and Movement Peak
Control1 Hour Delay2 LOS3


6) Bradley Ave at All AM 37.6 D
SR-67 NB Ramps (S) All PM 66.8 E


Caltrans ILV All AM 1,369 Un
Caltrans ILV All PM 1,581 Cap


With Mitigation AM 22.4 C
Identified in the PM 21.1 C
Bradley Avenue AM 696 Stb


PSR PM 808 Stb


Existing + Alternative A


Notes: 1) Intersection Control - S: Signalized; U: Unsignalized. 2) Delay shown in seconds or ILV value shown. 3) LOS: Level of 
Service/ILV Stb: Stable; Un: Unstable; Cap: At Capacity.  Movement: SB LR: Southbound Left Right approach.  PSR: Project Study 
Report. "Final PSR (PDS) Bradley Avenue/State Route 67 Interchange California Department of Transportation and Dokken 
Engineering, April 2004.  
 
TABLE 27:  RECOMMENDED SEGMENT MITIGATION FOR EXISTING (YEAR 2011) + ALTERNATIVE A IMPACTS 


Classification Existing + Alternative A
Segment (existing lanes) LOS E Daily


Roadway Width Capacity Volume V/C LOS
Bradley Avenue


SR 67 SB Ramps to SR 67 NB Ramps M (2U) 24' 16,200 15,122 0.933 E
With mitigation to a 4 lane roadway as part of the PSR 34,200 15,122 0.442 B


Notes: Classification, M = Major, Daily volume is a 24 hour volume. LOS: Level of Service.  V/C: Volume to Capacity ratio.  
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5.2 Existing (Year 2011) Cumulative Impacts and Recommended Mitigation 
 
To mitigate the calculated cumulative impacts, the project applicant proposes to pay into the TIF 
program.  The County of San Diego has developed an overall programmatic solution that addresses 
existing and projected future road deficiencies in the unincorporated portion of San Diego County.  
This program includes the adoption of a TIF program to fund improvements to roadways necessary 
to mitigate potential cumulative impacts caused by traffic from future development.  Based on 
SANDAG regional growth and land use forecasts, the SANDAG Regional Transportation Model 
was utilized to analyze projected build-out (year 2030) development conditions on the existing 
circulation element roadway network throughout the unincorporated area of the County.  Based on 
the results of the traffic modeling, funding necessary to construct transportation facilities that will 
mitigate cumulative impacts from new development was identified.  Existing roadway deficiencies 
will be corrected through improvement project funded by other public funding sources, such as 
TransNet, gas tax, and grants.  Potential cumulative impacts to the region’s freeways have been 
addressed in SANDAG’s Regional Transportation Plan (RTP).  This plan, which considers freeway 
build-out over the next 30 years, will use funds from TransNET, state, and federal funding to 
improve freeways to projected level of service objectives in the RTP.   
 
The proposed project is calculated to generate 1,407 ADT while Alternative A is calculated to 
generate 1,327 ADT.  These trips will be distributed on circulation element roadways in the County 
that were analyzed by the TIF program, some of which currently are projected to operate at 
inadequate levels of service.  These project trips therefore contribute to a potential significant 
cumulative impact and mitigation is required.  The potential growth represented by this project was 
included in the growth projections upon which the TIF project is based.  The TIF program identifies 
specific freeway ramps interchanges, which includes the SR-67/Bradley Avenue interchange, to be 
funded in part by the TIF program.  The TIF cost is based on the year when building permits are 
pulled and type of building permit, thus only an estimate of a TIF amount can be calculated based 
on current (year 2011) fees for an industrial type use.  The 2011 TIF amount for the location of the 
project (considered as Lakeside that includes Pepper Drive and Bostonia areas) is $396 per ADT.  
The Proposed Project at 1,407 ADT x $396 = $557,172 while Alternative A at 1,327 ADT x $396 = 
$525,492.  TIF excerpts are included in Appendix W.  
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County of San Diego


Peter Drinkwater
AIRPORTS DIRECTOR


DEPARTMENT OF PUBLIC WORKS
County Airports


1960 Joe Crosson Drive, EI Cajon, CA 92020-1236


(619) 956-4800 FAX: (619) 956-4801
Web Site: sdcdpw.org


April 18, 2006


Kathi Henry, City Manager
City of EICajon
200 East Main Street
EICajon, CA 92020-3912


GILLESPIE FIELD - CONVERSIONOF AIRPORT DRIVETO A RESTRICTED AIRSIDEACCESS
AREA TO ENABLE FEDERAL AVIATION ADMINISTRATION APPROVED DEVELOPMENT


Dear Ms. Henry:


Thank you and Mayor Lewis for meeting with LarryWatt and me to discuss several matters, including
the proposed closure of Airport Drive. As we discussed, road closure is required to provide access
from the Cajon AirCenter redevelopment project to Gillespie runways. At my request, the Real Estate
Services Division of County General Services researched ownership of both Airport Drive and Joe
Crosson Drive. They have advised that AirportDrive (west of Wing Avenue) and Joe Crosson Drive
belong to the County.


Ifyou have any questions, please call me at 619-956-4839 or Senior Land Surveyor, WilliamRing, at
(858) 694-2294.


Sincerely,


;f7~tf)~
PETER DRINKWATER
County Airports Director


PD:LAL:ds


Cc: Mark Lewis, Mayor, City of EI Cajon, 200 East Main St., EI Cajon, CA 92020-3912; Rob Turner,
Director of Public Works, City of EI Cajon, 200 East Main St., EI Cajon, CA 92020-3912; LarryWatt,
Deputy Director of Public Works (0334); Tim Caulder (S119); Airport Manager (S119); WilliamRing
(0200)
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Appendix B 
 
County of San Diego and City of El Cajon Circulation Element Classification Data 
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M O B I L I T Y  E L E M E N T  N E T W O R K  A P P E N D I X  


C O U N T Y  O F   S A N   D I E G O   G E N E R A L   P L A N  
 


M‐A‐39


Mobility Element Network—Lakeside Community Planning Area Matrix 


IDa  Road Segment 
Designation/Improvement


#.#X = [# of lanes].[roadway classification][improvement]  Special Circumstances 


 Magnolia Avenue (SC 850) 
Segment: Santee city limits to El Cajon city limits 


4.1B Major Road 
Intermittent Turn Lanes 


None 


 Graves Avenue (SC 1880) 
Segment: Pepper Drive to Bradley Avenue 


4.1B Major Road 
Intermittent Turn Lanes—Pepper Drive to Bradley Avenue 


2.2C Light Collector 
Intermittent Turn Lanes—Bradley Avenue to El Cajon city 
limits 


Accepted at LOS E/F 
Segment: Bradley Avenue to El Cajon city limits  


 Pepper Drive (SC 1870) 
Segment: Graves Avenue to El Cajon city limits 


2.2C Light Collector 
Intermittent Turn Lanes—Graves Avenue to Bradley 
Avenue 


4.1B Major Road 
Intermittent Turn Lanes—Bradley Avenue to Winter 
Gardens Boulevard 


2.2C Light Collector 
Intermittent Turn Lanes—Winter Gardens Boulevard to El 
Cajon city limits 


None 


 Bradley Avenue (SA 890) 
Segments: El Cajon city limits to El Cajon city 
limits (near Mollison Avenue) and El Cajon city 
limits to Pepper Drive 


4.1B Major Road 
Intermittent Turn Lanes 


None 


 Greenfield Drive (SC 1860) 
Segment: El Cajon city limits to El Cajon city limits 
(near Mollison Avenue) and El Cajon city limits to 
Pepper Drive 


2.2B Light Collector 
Continuous Turn Lane 


None 


 Ballantyne Street (SC 1880) 
Segment: Greenfield Drive to El Cajon city limits 


4.2B Boulevard 
Intermittent Turn Lanes 


None 


3535


3636


3737


3838


3939


4040
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03-21-2006 *** HEADING AND CODE EXPLANATION ***


1. 2. 3. 4. 5. 6. 7.


R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


1. R/W=RIGHT OF WAY WIDTH; WDTH=PAVEMENT WIDTH; EX=EXISTING; PR=PROPOSED


2. CNSTYR= YEAR OF CONSTRUCTION; SURF=SURFACE TYPE; BS=BASE; TH=THICKNESS; TY=TYPE; SUBBAS=SUB-BASE THICKNESS


A. SURFACE TYPE:
A=AC, PM; P=PCC; R=ROM; G=DG,AGGRGTE; 2=UNIMPROVED; N OR 3=GRADED DIRT; L=AC W/LATEX; 4=OILED;
5=LOW BITUMINOUS (SECTION<7 IN); 6=HIGH BITUMINOUS (SECTION>=7 IN)


B. BASE TYPE:
A=AGGREGATE, CL2AB, CRB; D=DG; C=CTB; P=PCC; I=IB; S=SA, SAGR, CL3ASB; B=AC,PM; R=ROM


3. OVERLAYS SEALCOATS YR=YEAR; TY=TYPE


A. OVERLAY TYPES:
A=1/2 IN; B=3/4 IN; 1=1 IN; C=0.1 FT; D=1.5 IN; 2=2 IN; E=2.5 IN; 3=3 IN; 4=4 IN; F=FULL WIDTH REINFORCEMENT
FABRIC W/1 IN; G=PARTIAL WIDTH REINFORCEMENT FABRIC (PRF) W/1 IN; H=PRF W/0.1 FT; J=HEATER REMIX W/0.1 FT;
K=1 IN W/LATEX; L=0.1 FT W/LATEX; M=0.15 FT W/LATEX; O=0.2 FT W/LATEX; P=0.3 FT W/LATEX


B. SEALCOAT TYPES: C=CHIPSEAL PRE-1977; R=RUBBERIZED CHIP SEAL POST-1977; S=SLURRY SEAL; F=FLEX SEAL; Y=SAND SEAL
(1995+)


4. NX=NEXT PROPOSED TREATMENT; YR=YR; PRO=TREATMENT TYPE (ALSO FOR TREATMENT NEEDED)


TREATMENT TYPES:
R=RUBBERIZED CHIP SEAL; L=THIN AC CAP; M=THICK AC CAP; C=RECONSTRUCTION; P=BASE REPAIR & PATCH; F=FILL CRACKS;
W=WIDENING; 2=W+L; 3=W+M; 4=W+R; 5=W+C; 6=P+F; N=NONE


5. CURB/GTR=CURB AND GUTTER; LT=LEFT, TYPE & GUTTER WIDTH; RT=RIGHT, TYPE & GUTTER WIDTH; SD=SIDEWALK; L=LEFT,TYPE;
R=RIGHT, TYPE; TPR=TAPER; REM=REMARKS CODE; TI=TRAFFIC INDEX; RVAL=R-VALUE


A. CURB TYPES:
A=AC, PM BERM; C=PCC CURB; G=PCC CURB & GUTTER; R=ROLL CURB; B=PCC GUTTER; @=NOT IN CITY


B. SIDEWALK TYPES:
F=FULL WIDTH PCC; C=5' CONTIGUOUS PCC; O=5' OFFSET PCC; A=AC; G=AGGREGATE; E=EXEMPT; @=NOT IN CITY


C. REMARK CODES:
W=WIDENED STREET; C=PCC OR OVERLAID PCC; *=SEE BOOKS; U=NO PLANS; I=INFORMATION IN FILES; P=STREET BUILT IN


SEGMENTS;
1=W+U; 2=W+I; 3=P+U; 4=P+I; 5=C+U; 6=C+I; 7=W+U+I; 8=P+U+I; 9=C+U+I; @=STREET IN SPHERE OF INFLUENCE


6. SR YR=YEAR OF FIELD SURVEY; PCH=EXISTING PATCHING; TY=TYPE; %=PERCENT; SC=STREET CONDITION; ALG=ALLIGATOR CRACKING;
BLK=BLOCK CRACKING; LNG=LONGITUDINAL CRACKING; L=LENGTH; W=WIDTH


A. PATCHING CODES: O=SPOT; S=SHORT; L=LONG
B. SURFACE CONDITION CODES: G=GOOD; F=FAIR; P=POOR
C. ALLIGATOR CRACKING CODES: A=INITIAL; B=USUAL; C=UNUSUAL
D. LONGITUDINAL CODES: 1=<1/8 IN; 2=1/8 TO 1/4 IN; 3=1/4 IN; 4=>1/4 IN; LENGTH: 1=1 TO 101, 2=101 TO 201,


ETC
(1 THRU 9 IN 100 FT INTERVALS)


7. TRN=TRANSVERSE CRACKING; #=NO/STA/LA; W=WIDTH; DT=DRIP TRACK RAVEL; #=NO. OF LOCATIONS (1 DIGIT 1-9, 9 IS >=9);
RT=RUTTING; REM= REMARKS


A. RAVEL & WEATHERING CODES: F=LOSS OF FINE AGGREGATE; C=LOSS OF COARSE AGGREGATE
B. REM=SEE ITEM 5C ABOVE
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CITY OF EL CAJON - STREET CLASSIFICATIONS


1. FUNCTIONAL CLASSIFICATION


P =PRIMARY I =INDUSTRIAL RD=RESIDENTIAL CUL-DE-SAC
PF=PRIMARY FRONTAGE ROAD ID=INDUSTRIAL CUL-DE-SAC RL=RESIDENTIAL LOOP
S =SECONDARY IF=INDUSTRIAL FRONTAGE ROAD RH=RESIDENTIAL FILLSIDE
SF=SECONDARY FRONTAGE ROAD C =COMMERCIAL RF=RESIDENTIAL FRONTAGE ROAD
RC=RESIDENTIAL COLLECTOR CD=COMMERCIAL CUL-DE-SAC A =ALLEY
IC=INDUSTRIAL COLLECTOR CF=COMMERCIAL FRONTAGE ROAD B =BIKEWAY
CC=COMMERCIAL COLLECTOR R =RESIDENTIAL SH=STATE HIGHWAY
SC=STANDARD COLLECTOR O =OTHER


2. FEDERAL CLASSIFICATION


U =FAU S =FAS P =FAP


3. CATEGORY 1 STREETS = ALL RESIDENTIAL STREETS (EXCEPT RC) THAT ARE ZONED LOW OR LOW-LOW DENSITY (PER CITY COUNCIL '89)


CAT: _ (1 OR BLANK)


4. GENERAL PLAN CLASSIFICATION (GPC: ___ )*


IP =INDUSTRIAL PARK LRM=RESIDENTIAL LOW W/MOBILE A =ADULT SCHOOL
LI =LIGHT INDUSTRIAL LMR=RESIDENTIAL LOW MEDIUM E =ELEMENTARY SCHOOL
NC =NEIGHBORHOOD COMMERCIAL LMM=RESIDENTIAL LOW MEDIUM W/MOBILE P =PAROCHIAL SCHOOL
HC =HIGHWAY COMMERCIAL MR =RESIDENTIAL MEDIUM DENSITY SPP=SCHOOL PLAYGROUND
RC =REGIONAL COMMERCIAL HR =RESIDENTIAL HIGH DENSITY CP =COMMUNITY PARK
TC =TOURIST COMMERCIAL PI =PUBLIC INSTITUTION NP =NEIGHBORHOOD PARK
ONR=OFFICE/NON-RETAIL JC =JUNIOR COLLEGE OS =OPEN SPACE
LLR=RESIDENTIAL LOW-LOW HS =HIGH SCHOOL AP =AIRPORT
LR =RESIDENTIAL LOW DENSITY JS =JUNIOR HIGH SCHOOL FWY=FREEWAY


5. ZONING CLASSIFICATION (ZC: _____ )*


NOTE: ALL ZONES CAN BE HILLSIDE OVERLAY (H), PRD CAN BE LOW, LOW-LOW, OR MEDIUM DENSITY (L, LL, M)


OS___=OPEN SPACE R2___=RESIDENTIAL 2-FAMILY C1___=NEIGHBORHOOD COMMERCIAL
PRD__=PLANNED RESIDENTIAL R3R__=MULTIFAMILY RESTRICTED C2___=HIGHWAY COMMERCIAL
RE40_=RESIDENTIAL ESTATE 40K R3___=MULTIFAMILY CR___=REGIONAL COMMERCIAL
RE20_=RESIDENTIAL ESTATE 20K R4___=MULTYFAMILY HIGH DENSITY CT___=COMMERCIAL TOURIST
RS14_=RESIDENTIAL SUBURBAN 14K R5___=MULTIFAMILY HIGHRISE CM___=HEAVY COM./LIGHT INDUSTRIAL
RS9__=RESIDENTIAL SUBURBAN 9K RP___=RESIDENTIAL/PROFFESIONAL LM___=LIGHT INDUSTRIAL
R16__=RESIDENTIAL 1-FAMILY 6K OP___=OFFICE/PROFFESIONAL M____=MANUFACTURING
R2R__=RESIDENTIAL 2-FAMILY REST. P____=PARKING GM___=GENERAL MANUFACTURING


* HIGHEST CLASSIFICATION USED FOR EACH STREET SEGMENT
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03-21-2006 *** STREETS CURRENTLY LISTED IN REGISTER *** PAGE 1


R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


ADELE ST BURNET ST TO BERRYDALE ST MAP: F3 || DIR: E BEGN FT: 0 END FT: 336
60 60 36 36| 58 30 A 6D | 70C77R86R | 96L| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 11,088. SQ.FT ST-CLASS: RL FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
AIRPORT DR WING AV TO MAGNOLIA AV 3 MAP: E2 || DIR: E BEGN FT: 1340 END FT: 2190
50 70 32 50| 5 | 86R | 942| U 60 || 96 P B10 10 3 3| 1 4 C20 *
TREATMENT: L PAVED AREA: 27,200. SQ.FT ST-CLASS: I FED-CLASS: CAT: GPC: IG ZC: M


| | | | || |
AJAY ST CUL DE SAC TO GRAFTON ST MAP: B3 || DIR: N BEGN FT: 0 END FT: 130
56 56 36 36| 75 20 A11A | 961 85R | 06R| G15 G15 C C 45 8 || |
TREATMENT: PAVED AREA: 4,290. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
AJAY ST GRAFTON ST TO GIBBONS ST MAP: B3 || DIR: N BEGN FT: 130 END FT: 460
56 56 36 36| 75 20 A11A | 961 85R | 06R| G15 G15 C C 45 8 || |
TREATMENT: PAVED AREA: 10,890. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
ALADDIN LN JAMACHA RD TO DUMAR AV MAP: I6 || DIR: N BEGN FT: 0 END FT: 340
60 60 36 36| 59 30 A 8D | 981 70C76C89R | 08R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 11,220. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: RL ZC: R16


| | | | || |
ALDERSON ST WASHINGTON AV TO BOSWORTH ST MAP: H7 || DIR: N BEGN FT: 0 END FT: 840
60 60 36 36| 59 30 A 4D | 042 79R87R96Y | 14R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 27,720. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
ALDERSON ST BOSWORTH ST TO LEXINGTON AV MAP: H6 || DIR: N BEGN FT: 840 END FT: 1770
60 60 36 36| 59 30 A 4D | 741042 79R87R96Y | 14R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 30,690. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 0 END FT: 220
60 56 36 36| 93 30 A10A | 911 65C82R | 03R| C* 50 || 96 G |
TREATMENT: N PAVED AREA: 7,920. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 220 END FT: 408
60 56 36 36| 29 50 P | 911 65C82R | 01R| G15 G15 C C* 50 || 96 F | 2 3
TREATMENT: N PAVED AREA: 6,204. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 408 END FT: 712
60 56 36 36| 29 50 P | 911 65C82R | 01R| G15 C C* 50 || 96 F 1 3| 2 3
TREATMENT: N PAVED AREA: 10,488. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 712 END FT: 945
60 56 36 36| 29 50 P | 911 65C82R | 01R| G15 G15 C C* 50 || 96 F 1 3| 1 4
TREATMENT: N PAVED AREA: 7,689. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 945 END FT: 1110
60 56 36 36| 29 50 P | 911 65C82R | 01R| G15 C C* 50 || 96 F 1 3| 2 3
TREATMENT: N PAVED AREA: 5,692.5 SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
ALDWYCH RD S WESTWIND DR TO TYRONE ST N MAP: C5 || DIR: N BEGN FT: 1110 END FT: 1560
60 56 36 36| 29 50 P | 911 65C82R | 01R| G15 C* 50 || 96 F 1 3| 1 3
TREATMENT: N PAVED AREA: 15,525. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
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03-21-2006 *** STREETS CURRENTLY LISTED IN REGISTER *** PAGE 11


R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


BOSWORTH ST SECOND ST S TO DOROTHY ST MAP: H6 || DIR: E BEGN FT: 960 END FT: 1610
60 60 36 36| 59 30 A 4D | 042 79R87R96Y | 14R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 21,450. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
BOULEVARD PL WILSON AV 2 TO EL CAJON BL MAP: D7 || DIR: W BEGN FT: 0 END FT: 1000
60 60 40 40| 28 5 | 58U86C 99Y | 09R| G50 G50 * 50 || |
TREATMENT: PAVED AREA: 30,000. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: CH ZC: R16


| | | | || |
BOURKE PL ARNHEIM CT TO CUL DE SAC MAP: J3 || DIR: E BEGN FT: 0 END FT: 350
52 52 32 32| 76 20 A | 87R96Y | 06L| G15 G15 C C * 45 || |
TREATMENT: PAVED AREA: 10,150. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: R16H


| | | | || |
BOYINGTON PL WHITSETT DR TO CUL DE SAC MAP: B4 || DIR: E BEGN FT: 0 END FT: 1050
52 52 32 32| 79 30 A 8A | 85R95Y | 05L| G15 G15 C C * 45 11 || 99 S10F C 2 2 2 4| 1 4 F35
TREATMENT: PAVED AREA: 30,450. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
BRADLEY AV CUYAMACA ST 1 TO FAYETTE ST MAP: D3 || DIR: E BEGN FT: 0 END FT: 301
102102 82 82| 71 25 A 9D | 80296D 86R | 04R| G15 G15 *W 95 9 || 97 G |
TREATMENT: N PAVED AREA: 23,779. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV CUYAMACA ST 1 TO FAYETTE ST MAP: D3 || DIR: E BEGN FT: 301 END FT: 530
102102 82 82| 71 25 A 9D | 80296D 86R | 04R| G15 G15 C W* 95 9 || 97 G |
TREATMENT: N PAVED AREA: 18,091. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV FAYETTE ST TO MARSHALL AV MAP: D3 || DIR: E BEGN FT: 530 END FT: 1240
102102 82 82| 71 25 A 9D | 80396D 86R | 04R| G15 G15 W* 95 09 || 97 G |
TREATMENT: N PAVED AREA: 56,090. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV MARSHALL AV TO JOHNSON AV MAP: D3 || DIR: E BEGN FT: 1240 END FT: 2237
102102 82 82| 71 25 A 9D | 80396D 86R | 04R| G15 G15 C W* 95 09 || 97 G |
TREATMENT: N PAVED AREA: 78,763. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV MARSHALL AV TO JOHNSON AV MAP: D3 || DIR: E BEGN FT: 2237 END FT: 2670
102102 82 82| 71 25 A 9D | 80396D 86R | 04R| G15 G15 W* 95 9 || 97 G |
TREATMENT: N PAVED AREA: 34,207. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV JOHNSON AV TO CITY LIMIT MAP: E3 || DIR: E BEGN FT: 2670 END FT: 4910
102102 82 82| 71 25 A 9D | 80E96D 86R | 04R| G15 G15 W* 95 9 || 97 G |
TREATMENT: N PAVED AREA: 176,960. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: M


| | | | || |
BRADLEY AV CITY LIMIT TO MOLLISON AV MAP: F3 || DIR: E BEGN FT: 8720 END FT: 9250
57102 32 82| 58 40 A 6D | 86C98C 70C | 064| G15 G15 O * 90 || |
TREATMENT: PAVED AREA: 15,370. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: RL ZC: R16


| | | | || |
BRADLEY AV CITY LIMIT TO MOLLISON AV MAP: F3 || DIR: E BEGN FT: 9250 END FT: 9390
64102 40 82| 58 40 A 6D | 86C98C 70C | 064| G15 G15 O O P* 90 || |
TREATMENT: PAVED AREA: 5,180. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: RL ZC: R16


| | | | || |
BRADLEY AV MOLLISON AV TO CITY LIMIT MAP: G3 || DIR: E BEGN FT: 9390 END FT: 9705
64 84 40 64| 58 40 A 6D | 86C98C 70C77R | 064| G15 G15 O O W* 90 || |
TREATMENT: PAVED AREA: 11,655. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: RL ZC: R16


| | | | || |
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R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


FLINT ST PEPPER VILLA DR TO WOODBURN ST MAP: G3 || DIR: E BEGN FT: 0 END FT: 120
60 60 36 36| 58 30 A 6D | 70C86R | 96L| G15 G15 O O 45 36 || 96 F 10 1 3| 1 3 F 5
TREATMENT: F PAVED AREA: 3,960. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
FLINT ST PEPPER VILLA DR TO WOODBURN ST MAP: G3 || DIR: E BEGN FT: 120 END FT: 320
60 60 36 36| 74 20 A 6A | 86R | 96L| G15 G15 O O P 45 36 || 96 F 1 3| 1 3 F 2
TREATMENT: N PAVED AREA: 6,600. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
FLOYD SMITH DR JOHNSON AV TO BRADLEY AV MAP: E3 || DIR: E BEGN FT: 0 END FT: 1090
60 60 50 50| 40 A 6A | 941 86R | 02R| 70 67 || 97 G |
TREATMENT: N PAVED AREA: 54,500. SQ.FT ST-CLASS: I FED-CLASS: CAT: GPC: IP ZC: M


| | | | || |
FLYING HILLS CT CUL DE SAC TO FLYING HILLS LN MAP: B4 || DIR: E BEGN FT: 0 END FT: 390
52 52 32 32| 68 20 A 8A | | 84L| G15 G15 C C 45 14 || 99 L 3G | F 8
TREATMENT: PAVED AREA: 11,310. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
FLYING HILLS LN CUL DE SAC TO HACIENDA DR MAP: B4 || DIR: E BEGN FT: 0 END FT: 580
52 52 32 32| 79 30 A 8A | | 89R| G15 G15 C CT P 45 29 || 99 S 1F 1 4| 1 4 F10
TREATMENT: PAVED AREA: 16,820. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
FLYING HILLS LN CUL DE SAC TO HACIENDA DR MAP: B4 || DIR: E BEGN FT: 580 END FT: 1060
60 60 36 36| 68 20 A 6D | | 78R| G15 G15 C C 45 13 || 99 F 1 3| 1 3 F15
TREATMENT: PAVED AREA: 15,840. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
FLYING HILLS LN CUL DE SAC TO HACIENDA DR MAP: B4 || DIR: E BEGN FT: 1060 END FT: 1420
60 60 36 36| 60 30 A 6A | 921 82R | 02R| G15 G15 O O 45 || 96 O 1G | *
TREATMENT: N PAVED AREA: 11,880. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9H


| | | | || |
FOOTE PATH WY PINE DR TO END MAP: D8 || DIR: E BEGN FT: 0 END FT: 97
56 56 36 36| 80 60 A | | 90R| G15 G15 C C 45 || 96 S 5G 1 3| 1 3
TREATMENT: N PAVED AREA: 3,201. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RLL ZC: PRD


| | | | || |
FOOTE PATH WY PINE DR TO END MAP: D8 || DIR: E BEGN FT: 97 END FT: 370
18 18 8 18| 80 60 A | | 904| G15 @ C T 45 || 96 S 5G | *
TREATMENT: N PAVED AREA: 1,774.5 SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RLL ZC: PRD


| | | | || |
FORDYCE ST REDWOOD AV TO TULSA ST MAP: G6 || DIR: N BEGN FT: 0 END FT: 260
60 60 36 36| 58 30 A 6D | 981 69C87R | 08R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 8,580. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
FOURTH ST GRANITE HILLS DR TO MADISON AV MAP: J6 || DIR: N BEGN FT: 0 END FT: 1395
66 66 46 46| 60 30 A 6D | 91C | 01R| G15 G15 C F 60 || 97 G A 2 1 4| 1 2
TREATMENT: N PAVED AREA: 59,985. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: R16


| | | | || |
FRANKLIN AV EL CAJON BL TO JOHNSON AV MAP: D6 || DIR: E BEGN FT: 0 END FT: 450
50 50 30 30| 84 30 A10A | | 94R| G50 G50 O * 50 5 || 95 F | F20
TREATMENT: N PAVED AREA: 9,000. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: CH ZC: R3


| | | | || |
FRANKLIN AV EL CAJON BL TO JOHNSON AV MAP: D6 || DIR: E BEGN FT: 450 END FT: 780
50 50 30 30| 84 30 A10A | | 94R| G50 G50 * 50 5 || 95 O 1F | F20
TREATMENT: N PAVED AREA: 6,600. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: RM ZC: R3


| | | | || |
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03-21-2006 *** STREETS CURRENTLY LISTED IN REGISTER *** PAGE 76


R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


JOHNSON AV STEELE ST TO OCONNOR ST MAP: E3 || DIR: N BEGN FT: 12580 END FT: 12860
70 84 64 64| 68 30 A10A | 891 80R | 97R| G15 G15 P 90 || 97 G 1 1|
TREATMENT: N PAVED AREA: 17,080. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: CM


| | | | || |
JOHNSON AV OCONNOR ST TO BRADLEY AV MAP: E3 || DIR: N BEGN FT: 12860 END FT: 13065
70 84 64 64| 68 30 A10A | 891 80R | 97R| G15 G15 A C P 90 || 97 G |
TREATMENT: N PAVED AREA: 12,505. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: CM


| | | | || |
JOHNSON AV OCONNOR ST TO BRADLEY AV MAP: E3 || DIR: N BEGN FT: 13065 END FT: 13190
70 84 64 64| 68 30 A10A | 891 80R | 97R| G15 G15 C P 90 || 97 G |
TREATMENT: N PAVED AREA: 7,625. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: CM


| | | | || |
JOHNSON AV OCONNOR ST TO BRADLEY AV MAP: E3 || DIR: N BEGN FT: 13190 END FT: 13370
70 84 64 64| 68 30 A10A | 891 80R | 97R| G15 G15 A A P 90 76 || 97 G |
TREATMENT: N PAVED AREA: 10,980. SQ.FT ST-CLASS: P FED-CLASS: U CAT: GPC: IP ZC: CM


| | | | || |
JOHNSON AV BRADLEY AV TO FLOYD SMITH DR MAP: E3 || DIR: N BEGN FT: 13370 END FT: 13810
84 70 50 50| 49 20 R 6D | 86R | 942| G15 * 70 67 || 95 S20F 1 1| 1 1
TREATMENT: N PAVED AREA: 21,340. SQ.FT ST-CLASS: I FED-CLASS: CAT: GPC: IP ZC: CM


| | | | || |
JOLIET CT CUL DE SAC TO JOLIET ST MAP: H6 || DIR: N BEGN FT: 0 END FT: 209
56 56 36 36| 58 30 A 6D | 011 70C89R98Y | 11R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 6,897. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JOLIET ST END TO IVORY AV MAP: H6 || DIR: E BEGN FT: 0 END FT: 130
60 60 36 36| 58 30 A 6D | 81C011 70C98Y | 11R| G15 G15 O O * 45 || |
TREATMENT: PAVED AREA: 4,290. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JOLIET ST IVORY AV TO STEPHANIE LN MAP: H6 || DIR: E BEGN FT: 130 END FT: 1490
60 60 36 36| 58 30 A 6D | 81C011 70C89R98Y | 11R| G15 G15 O O * 45 || |
TREATMENT: PAVED AREA: 44,880. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JOLIET ST STEPHANIE LN TO END MAP: H6 || DIR: E BEGN FT: 1490 END FT: 1630
60 60 36 36| 58 30 A 6D | 81C011 70C89R98Y | 11R| G15 G15 O O * 45 || |
TREATMENT: PAVED AREA: 4,620. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JOPLIN DR BUCKEYE DR TO END MAP: G3 || DIR: E BEGN FT: 0 END FT: 270
60 60 36 36| 58 30 A 6D | 042 69C77R86R | 14R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 8,910. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JOYCE ST PRESCOTT AV 1 TO AVOCADO AV 1 MAP: F7 || DIR: E BEGN FT: 0 END FT: 700
60 60 36 36| 54 20 A 6D | 731941 84R00Y | 10R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 23,100. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
JULIAN AV MAGNOLIA AV 1 TO PARK AV MAP: E6 || DIR: E BEGN FT: 0 END FT: 240
66 66 36 36| 61 30 A 6I | 961 87S | 04R| G15 G15 F F 60 || |
TREATMENT: PAVED AREA: 7,920. SQ.FT ST-CLASS: C FED-CLASS: CAT: GPC: CH ZC: CR


| | | | || |
JULIAN AV MAGNOLIA AV 1 TO PARK AV MAP: E6 || DIR: E BEGN FT: 240 END FT: 1050


28 28| 76 40 A 6D | 961 82R87S | 04R| * * T 60 || |
TREATMENT: PAVED AREA: 22,680. SQ.FT ST-CLASS: C FED-CLASS: CAT: GPC: CH ZC: CR


| | | | || |
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R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


PIERCE ST 2 RUSSEL RD TO ARMORY ST MAP: D6 || DIR: N BEGN FT: 0 END FT: 520
60 60 36 36| 51 20 R 3D | 75C961 83R95Y | 06R| G15 O W* 45 || |
TREATMENT: PAVED AREA: 17,940. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PIERCE ST 2 RUSSEL RD TO ARMORY ST MAP: D6 || DIR: N BEGN FT: 520 END FT: 1440
60 60 36 36| 51 20 R 3D | 75C961 83R95Y | 06R| G15 G15 O O W* 45 || |
TREATMENT: PAVED AREA: 30,360. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PIERCE ST 2 ARMORY ST TO WAGNER DR MAP: D5 || DIR: N BEGN FT: 1440 END FT: 2020
60 60 33 36| 51 20 R 3D | 75C961 83R95Y | 962| G15 O * 45 || |
TREATMENT: PAVED AREA: 18,270. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PIERCE ST 2 ARMORY ST TO WAGNER DR MAP: D5 || DIR: N BEGN FT: 2020 END FT: 2350
60 60 36 36| 51 20 R 3D | 75C961 83R95Y | 06R| G15 G15 O C W* 45 || |
TREATMENT: PAVED AREA: 10,890. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PIERCE ST 2 WAGNER DR TO PETREE ST MAP: D5 || DIR: N BEGN FT: 2350 END FT: 3640
60 60 36 36| 52 20 R 3D | 75C961 83R95Y | 06R| G15 G15 O O 45 || |
TREATMENT: PAVED AREA: 42,570. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PILLSBURY LN KILDARE WY TO TREVOR PL MAP: A4 || DIR: N BEGN FT: 0 END FT: 430
56 56 36 36| 79 30 A | 011 85R95Y | 11R| G15 G15 C C 45 62 || |
TREATMENT: PAVED AREA: 14,190. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
PILLSBURY LN TREVOR PL TO CUL DE SAC MAP: A4 || DIR: N BEGN FT: 430 END FT: 1019
52 52 32 32| 79 30 A | 011 85R95Y | 11R| G15 G15 C C 45 62 || |
TREATMENT: PAVED AREA: 17,081. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: RS9


| | | | || |
PINE DR CIRCLE DR TO CHASE AV MAP: C8 || DIR: N BEGN FT: 0 END FT: 1213
35 40 16 32| 29 15 A 4B | 59U84L | 944| G20 G20 * 45 9 || 95 F 1 3| 2 3 F 2
TREATMENT: N PAVED AREA: 14,556. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RLL ZC: RS14


| | | | || |
PINE DR CIRCLE DR TO CHASE AV MAP: C8 || DIR: N BEGN FT: 1213 END FT: 2540
55 60 40 40| 80 15 A 4B | 801 | 90R| G15 G15 C CT W* 45 9 || 95 S 1F 1 3| 1 3 F 1
TREATMENT: N PAVED AREA: 49,099. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RLL ZC: RS14


| | | | || |
PIONEER WY FLETCHER PKWY TO BRADLEY AV MAP: E4 || DIR: N BEGN FT: 0 END FT: 3730
84 84 64 64| 72 30 A 6A | 892 80R | 97R| G15 G15 C C 80 26 || 97 S 1G 1 1| 1 1
TREATMENT: N PAVED AREA: 227,530. SQ.FT ST-CLASS: IC FED-CLASS: CAT: GPC: IP ZC: M


| | | | || |
PLACID CT VILLA CREST DR TO CUL DE SAC MAP: J3 || DIR: N BEGN FT: 0 END FT: 180
60 60 36 36| 59 30 A | 941 83R | 04R| G15 G15 O O 45 || 97 G |
TREATMENT: N PAVED AREA: 5,940. SQ.FT ST-CLASS: RD FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
PORTLAND ST MOLLISON AV TO BILLINGS ST MAP: F7 || DIR: W BEGN FT: 0 END FT: 430
50 50 36 36| 81 30 A 7A | | 91R| G15 G15 C C 45 || 96 L20F 1 2| 1
TREATMENT: N PAVED AREA: 14,190. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: RM ZC: R3


| | | | || |
POWELL DR N HACIENDA DR TO HACIENDA DR MAP: B4 || DIR: E BEGN FT: 0 END FT: 1270
60 56 24 36| 4 | 911 67C | 01R| 45 || 99 G B 5 2 3| 1 3
TREATMENT: PAVED AREA: 30,480. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: RS14


| | | | || |
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R/W WDTH | CN SURF BS SB | OVERLAYS SEALCOATS | NXP| CURB/GTR SD T R T RV || SR PCH ALG BLK LNG | TRN RVW D RT R
E P E P | ST T T TT UA | YT YT YT YT YT YT | YR| LT RT WL P E I A || YR T%S T % % L/W | #/W T % T % E
X R X R | YR H Y HY BS | RY RY RY RY RY RY | RO| LR R M L || Y C Y | Y # M


WILSON AV 1 CHASE AV TO EUCALYPTUS DR MAP: D7 || DIR: N BEGN FT: 0 END FT: 370
60 60 40 40| 68 20 A 6A | 921 78R00Y | 10R| G50 G50 45 || |
TREATMENT: PAVED AREA: 11,100. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
WILSON AV 2 EUCALYPTUS DR TO ALLEY S EL CAJON 22 MAP: D7 || DIR: N BEGN FT: 370 END FT: 1770
60 60 40 40| 28 5 | 58U921 78R99Y | 09R| G50 G50 45 || |
TREATMENT: PAVED AREA: 42,000. SQ.FT ST-CLASS: R FED-CLASS: CAT: 1 GPC: RL ZC: R16


| | | | || |
WILSON AV 2 ALLEY S EL CAJON 22 TO EL CAJON BL MAP: D7 || DIR: N BEGN FT: 1770 END FT: 2030
60 60 40 40| 28 5 | 58U921 78R | 00R| G50 G50 F F 60 || 96 F 2 1| 1 1 *
TREATMENT: N PAVED AREA: 7,800. SQ.FT ST-CLASS: C FED-CLASS: CAT: GPC: RL ZC: R16


| | | | || |
WINDMILL VW RD HACIENDA DR TO VISTA CAPITAN DR MAP: C4 || DIR: N BEGN FT: 0 END FT: 330
60 60 36 36| 60 30 A 8D | 921 82R | 02R| G15 G15 O O 50 12 || 97 G 1 1| 1 1 *
TREATMENT: N PAVED AREA: 10,890. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9H


| | | | || |
WINDMILL VW RD VISTA CAPITAN DR TO VALLEY LAKE DR MAP: C4 || DIR: N BEGN FT: 330 END FT: 484
60 60 36 36| 60 30 A 8D | 921 84R | 02R| G15 G15 O G 50 15 || 97 G | *
TREATMENT: N PAVED AREA: 5,082. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9H


| | | | || |
WINDMILL VW RD VISTA CAPITAN DR TO VALLEY LAKE DR MAP: C4 || DIR: N BEGN FT: 484 END FT: 1918
60 60 40 40| 68 30 A10A | 921 84R | 02R| G15 G15 C C * 50 9 || 97 L 2G 1 1| F 1
TREATMENT: N PAVED AREA: 53,058. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9H


| | | | || |
WINDMILL VW RD VISTA CAPITAN DR TO VALLEY LAKE DR MAP: C4 || DIR: N BEGN FT: 1918 END FT: 3850
60 60 40 40| 68 30 A10A | 921 | 02R| G15 G15 C C * 50 5 || 97 L 2G 1 3| 1 3 F 1
TREATMENT: N PAVED AREA: 71,484. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9H


| | | | || |
WINDMILL VW RD VALLEY LAKE DR TO WELD BL MAP: B3 || DIR: N BEGN FT: 3850 END FT: 5683
60 60 40 40| 75 30 A 9A | 942 85R | 04R| G15 G15 C C 50 7 || 99 G C 2 1 2| F 5
TREATMENT: PAVED AREA: 67,821. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9


| | | | || |
WINDMILL VW RD VALLEY LAKE DR TO WELD BL MAP: B3 || DIR: N BEGN FT: 5683 END FT: 7420
60 60 40 40| 76 30 A 9A | 942 85R | 04R| G15 G15 C C 50 17 || 99 G C 5 2 1 2| F 5
TREATMENT: PAVED AREA: 64,269. SQ.FT ST-CLASS: RC FED-CLASS: CAT: GPC: RL ZC: RS9


| | | | || |
WING AV BRADLEY AV TO AIRPORT DR MAP: E3 || DIR: N BEGN FT: 0 END FT: 2150
100 70 26 50| 5 | 012 86R92R | 09R| * 60 || |
TREATMENT: PAVED AREA: 55,900. SQ.FT ST-CLASS: I FED-CLASS: CAT: GPC: IP ZC: M


| | | | || |
WISCONSIN AV CHAMBERS ST 1 TO ALLEY W MAGNOLIA 32 MAP: E5 || DIR: E BEGN FT: 0 END FT: 845
52 60 40 40| 77 30 A 6A | 941 82R | 04R| G15 G15 C C P 45 || 97 O 1G |
TREATMENT: N PAVED AREA: 31,265. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: RH ZC: R16


| | | | || |
WISCONSIN AV CHAMBERS ST 1 TO ALLEY W MAGNOLIA 32 MAP: E5 || DIR: E BEGN FT: 845 END FT: 1020
52 60 40 40| 77 30 A 6A | 941 82R | 04R| G15 G15 F C P 45 || 97 G |
TREATMENT: N PAVED AREA: 6,475. SQ.FT ST-CLASS: R FED-CLASS: CAT: GPC: RH ZC: RP


| | | | || |
WISCONSIN AV ALLEY W MAGNOLIA 32 TO MAGNOLIA AV 1 MAP: E5 || DIR: E BEGN FT: 1020 END FT: 1198
60 60 40 40| 59 30 A 6D | 731941 82R | 04R| G15 G15 C F *W 60 || 97 G |
TREATMENT: N PAVED AREA: 6,586. SQ.FT ST-CLASS: C FED-CLASS: CAT: GPC: CON ZC: C2


| | | | || |
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Appendix C 
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


AIRPORT BTN JOE CROSSON & WING EB: 48 WB: 42
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   1  0   12:00   12  11   
00:15   0  0  12:15   13  18  
00:30   2  0  12:30   13  17  
00:45   0 3 1 1 4 12:45   10 48 15 61 109


01:00   0  1  13:00   12  13  
01:15   0  0  13:15   16  10  
01:30   2  2  13:30   11  11  
01:45   0 2 0 3 5 13:45   11 50 11 45 95


02:00   0  1   14:00   14  7   
02:15   0  1   14:15   6  12   
02:30   0  0   14:30   12  9   
02:45   0 0 0 2 2 14:45   10 42 6 34 76


03:00   0  0   15:00   11  10   
03:15   0  0   15:15   10  10   
03:30   0  0   15:30   9  10   
03:45   0 0 0 0  15:45   11 41 12 42 83


04:00   0  0   16:00   18  10   
04:15   0  0   16:15   10  5   
04:30   0  1   16:30   15  9   
04:45   0 0 0 1 1 16:45   12 55 5 29 84


05:00   0  1   17:00   22  7   
05:15   1  0   17:15   9  6   
05:30   0  0   17:30   5  5   
05:45   1 2 1 2 4 17:45   3 39 4 22 61


06:00   1  0   18:00   2  1   
06:15   0  1   18:15   2  6   
06:30   3  5   18:30   0  5   
06:45   2 6 2 8 14 18:45   10 14 2 14 28


07:00   5  7   19:00   8  4   
07:15   5  9   19:15   2  4   
07:30   2  5   19:30   0  3   
07:45   3 15 11 32 47 19:45   4 14 1 12 26


08:00   3  12   20:00   5  1   
08:15   2  5   20:15   2  2   
08:30   5  7   20:30   2  2   
08:45   2 12 5 29 41 20:45   2 11 5 10 21


09:00   4  5   21:00   0  0   
09:15   4  11   21:15   1  1   
09:30  5  9   21:30   0  1   
09:45   8 21 8 33 54 21:45   0 1 2 4 5


10:00   7  9   22:00   2  0   
10:15   5  10   22:15   0  1   
10:30   6  11   22:30   1  0   
10:45   9 27 9 39 66 22:45   0 3 1 2 5


11:00   11  5   23:00   0  1   
11:15   7  8   23:15   1  0   
11:30   14  7   23:30   0  0   
11:45   13 45 10 30 75 23:45   0 1 0 1 2


Total Vol. 133 180 313  319 276 595


NB SB EB WB Combined


  452  456 908


Split % 42.5% 57.5% 34.5% 53.6% 46.4% 65.5%


Peak Hour 11:30 11:45 11:45 16:15 12:15 12:15


Volume 52 56 107 59 63 111
P.H.F. 0.93 0.78 0.86 0.67 0.88 0.90


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-001


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


AIRPORT BTN WING & MAGNOLIA EB: 33 WB: 34
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   2  0   12:00   13  8   
00:15   1  0  12:15   16  12  
00:30   2  0  12:30   21  16  
00:45   0 5 1 1 6 12:45   15 65 21 57 122


01:00   0  1  13:00   15  16  
01:15   0  0  13:15   18  12  
01:30   2  2  13:30   19  7  
01:45   0 2 0 3 5 13:45   15 67 14 49 116


02:00   0  1   14:00   17  8   
02:15   0  0   14:15   21  14   
02:30   1  1   14:30   12  14   
02:45   0 1 0 2 3 14:45   31 81 13 49 130


03:00   0  0   15:00   19  9   
03:15   1  1   15:15   23  10   
03:30   0  0   15:30   19  8   
03:45   0 1 0 1 2 15:45   14 75 18 45 120


04:00   0  0   16:00   22  11   
04:15   0  0   16:15   20  10   
04:30   0  1   16:30   28  8   
04:45   0 0 0 1 1 16:45   20 90 10 39 129


05:00   0  1   17:00   33  10   
05:15   2  1   17:15   15  5   
05:30   0  0   17:30   4  8   
05:45   2 4 3 5 9 17:45   6 58 5 28 86


06:00   2  2   18:00   9  3   
06:15   1  0   18:15   9  5   
06:30   6  5   18:30   4  4   
06:45   6 15 4 11 26 18:45   3 25 4 16 41


07:00   5  7   19:00   10  3   
07:15   11  15   19:15   7  4   
07:30   5  5   19:30   1  3   
07:45   12 33 10 37 70 19:45   2 20 1 11 31


08:00   11  14   20:00   6  1   
08:15   7  9   20:15   7  3   
08:30   7  10   20:30   3  3   
08:45   5 30 8 41 71 20:45   4 20 1 8 28


09:00   9  7   21:00   2  0   
09:15   6  6   21:15   3  1   
09:30  1  4   21:30   1  1   
09:45   6 22 3 20 42 21:45   1 7 2 4 11


10:00   1  8   22:00   1  0   
10:15   8  7   22:15   3  0   
10:30   6  9   22:30   1  0   
10:45   5 20 4 28 48 22:45   1 6 1 1 7


11:00   5  14   23:00   1  1   
11:15   4  9   23:15   0  0   
11:30   11  8   23:30   1  0   
11:45   10 30 4 35 65 23:45   0 2 0 1 3


Total Vol. 163 185 348  516 308 824


NB SB EB WB Combined


  679  493 1172


Split % 46.8% 53.2% 29.7% 62.6% 37.4% 70.3%


Peak Hour 11:45 07:15 11:45 16:15 12:15 16:15


Volume 60 44 100 101 65 139
P.H.F. 0.71 0.73 0.68 0.77 0.77 0.81


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-002


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN CUYAMACA & MARSHALL EB: 36 WB: 32
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   9  6   12:00   46  44   
00:15   2  4  12:15   44  50  
00:30   2  4  12:30   36  35  
00:45   0 13 0 14 27 12:45   35 161 45 174 335


01:00   2  2  13:00   34  44  
01:15   5  2  13:15   38  42  
01:30   3  3  13:30   35  38  
01:45   2 12 3 10 22 13:45   33 140 36 160 300


02:00   3  3   14:00   28  38   
02:15   0  1   14:15   36  49   
02:30   0  0   14:30   38  54   
02:45   2 5 2 6 11 14:45   78 180 50 191 371


03:00   2  0   15:00   46  50   
03:15   1  1   15:15   55  55   
03:30   1  0   15:30   48  51   
03:45   3 7 1 2 9 15:45   42 191 42 198 389


04:00   4  2   16:00   41  37   
04:15   5  3   16:15   50  33   
04:30   9  3   16:30   55  42   
04:45   3 21 13 21 42 16:45   42 188 51 163 351


05:00   3  8   17:00   48  44   
05:15   2  7   17:15   46  41   
05:30   14  4   17:30   41  33   
05:45   7 26 7 26 52 17:45   44 179 37 155 334


06:00   12  15   18:00   21  29   
06:15   28  24   18:15   32  32   
06:30   17  16   18:30   23  35   
06:45   34 91 41 96 187 18:45   11 87 18 114 201


07:00   35  51   19:00   15  13   
07:15   36  48   19:15   16  18   
07:30   24  42   19:30   18  12   
07:45   55 150 60 201 351 19:45   19 68 11 54 122


08:00   44  66   20:00   12  17   
08:15   37  51   20:15   11  10   
08:30   36  40   20:30   10  8   
08:45   33 150 44 201 351 20:45   10 43 7 42 85


09:00   31  22   21:00   8  14   
09:15   33  39   21:15   4  8   
09:30  24  39   21:30   3  13   
09:45   39 127 30 130 257 21:45   9 24 10 45 69


10:00   34  36   22:00   4  11   
10:15   38  33   22:15   3  13   
10:30   27  34   22:30   2  7   
10:45   30 129 32 135 264 22:45   6 15 5 36 51


11:00   31  42   23:00   6  1   
11:15   39  39   23:15   8  3   
11:30   32  44   23:30   6  4   
11:45   34 136 46 171 307 23:45   5 25 5 13 38


Total Vol. 867 1013 1880  1301 1345 2646


NB SB EB WB Combined


  2168  2358 4526


Split % 46.1% 53.9% 41.5% 49.2% 50.8% 58.5%


Peak Hour 07:45 07:30 07:45 14:45 14:30 14:45


Volume 172 219 389 227 209 433
P.H.F. 0.78 0.83 0.85 0.73 0.95 0.85


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-003


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN MARSHALL & JOHNSON EB: 40 WB: 41
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   9  4   12:00   70  36   
00:15   4  5  12:15   88  33  
00:30   5  4  12:30   65  35  
00:45   3 21 3 16 37 12:45   55 278 48 152 430


01:00   5  4  13:00   54  45  
01:15   4  1  13:15   42  42  
01:30   9  5  13:30   51  40  
01:45   8 26 3 13 39 13:45   44 191 44 171 362


02:00   5  3   14:00   51  42   
02:15   4  0   14:15   62  41   
02:30   9  4   14:30   66  44   
02:45   5 23 2 9 32 14:45   51 230 35 162 392


03:00   6  1   15:00   62  34   
03:15   8  0   15:15   68  33   
03:30   9  2   15:30   70  35   
03:45   5 28 5 8 36 15:45   66 266 44 146 412


04:00   3  6   16:00   105  77   
04:15   2  10   16:15   111  70   
04:30   8  12   16:30   95  105   
04:45   10 23 13 41 64 16:45   103 414 88 340 754


05:00   8  20   17:00   108  73   
05:15   10  22   17:15   88  88   
05:30   15  25   17:30   75  56   
05:45   16 49 38 105 154 17:45   78 349 62 279 628


06:00   22  33   18:00   48  40   
06:15   21  58   18:15   44  44   
06:30   28  60   18:30   35  35   
06:45   35 106 77 228 334 18:45   32 159 32 151 310


07:00   33  88   19:00   28  33   
07:15   66  101   19:15   20  31   
07:30   48  95   19:30   16  26   
07:45   77 224 126 410 634 19:45   22 86 20 110 196


08:00   68  110   20:00   23  18   
08:15   75  105   20:15   21  12   
08:30   66  108   20:30   18  18   
08:45   60 269 88 411 680 20:45   21 83 19 67 150


09:00   55  88   21:00   22  10   
09:15   51  80   21:15   15  15   
09:30  40  72   21:30   10  11   
09:45   68 214 75 315 529 21:45   9 56 9 45 101


10:00   77  68   22:00   15  4   
10:15   65  60   22:15   22  5   
10:30   60  55   22:30   10  5   
10:45   54 256 68 251 507 22:45   5 52 4 18 70


11:00   88  51   23:00   12  4   
11:15   42  55   23:15   10  6   
11:30   60  46   23:30   18  2   
11:45   66 256 62 214 470 23:45   15 55 5 17 72


Total Vol. 1495 2021 3516  2219 1658 3877


NB SB EB WB Combined


  3714  3679 7393


Split % 42.5% 57.5% 47.6% 57.2% 42.8% 52.4%


Peak Hour 11:45 07:45 07:45 16:15 16:30 16:00


Volume 289 449 735 417 354 754
P.H.F. 0.82 0.89 0.91 0.94 0.84 0.94


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-004


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN JOHNSON & PIONEER EB: 44 WB: 46
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   12  5   12:00   78  51   
00:15   6  6  12:15   85  55  
00:30   5  6  12:30   57  58  
00:45   6 29 6 23 52 12:45   74 294 62 226 520


01:00   5  6  13:00   66  65  
01:15   5  2  13:15   67  51  
01:30   7  7  13:30   58  44  
01:45   10 27 3 18 45 13:45   60 251 58 218 469


02:00   7  3   14:00   58  62   
02:15   7  1   14:15   72  66   
02:30   8  4   14:30   73  63   
02:45   6 28 3 11 39 14:45   64 267 58 249 516


03:00   6  1   15:00   75  51   
03:15   5  1   15:15   98  55   
03:30   6  2   15:30   91  42   
03:45   2 19 5 9 28 15:45   80 344 62 210 554


04:00   4  8   16:00   122  66   
04:15   3  13   16:15   99  70   
04:30   8  14   16:30   101  77   
04:45   13 28 19 54 82 16:45   115 437 84 297 734


05:00   8  18   17:00   116  55   
05:15   12  27   17:15   90  62   
05:30   17  21   17:30   88  50   
05:45   20 57 41 107 164 17:45   75 369 66 233 602


06:00   28  32   18:00   52  44   
06:15   28  66   18:15   61  51   
06:30   32  74   18:30   57  51   
06:45   41 129 84 256 385 18:45   34 204 35 181 385


07:00   44  88   19:00   29  44   
07:15   66  95   19:15   29  41   
07:30   60  108   19:30   41  32   
07:45   59 229 121 412 641 19:45   34 133 26 143 276


08:00   77  118   20:00   34  27   
08:15   84  126   20:15   35  20   
08:30   60  105   20:30   28  21   
08:45   58 279 90 439 718 20:45   29 126 18 86 212


09:00   57  95   21:00   36  16   
09:15   52  88   21:15   26  14   
09:30  41  79   21:30   19  19   
09:45   68 218 90 352 570 21:45   10 91 26 75 166


10:00   72  88   22:00   18  14   
10:15   63  70   22:15   32  19   
10:30   64  68   22:30   15  8   
10:45   64 263 66 292 555 22:45   6 71 9 50 121


11:00   92  75   23:00   12  5   
11:15   48  70   23:15   11  5   
11:30   70  65   23:30   16  9   
11:45   88 298 63 273 571 23:45   17 56 7 26 82


Total Vol. 1604 2246 3850  2643 1994 4637


NB SB EB WB Combined


  4247  4240 8487


Split % 41.7% 58.3% 45.4% 57.0% 43.0% 54.6%


Peak Hour 11:30 07:30 07:30 16:00 16:00 16:00


Volume 321 473 753 437 297 734
P.H.F. 0.91 0.94 0.90 0.90 0.88 0.92


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-005


85th PERCENTILE:


Gillespie Field Traffic Impact Study Appendix Page 20 of 296







Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN PIONEER & WING EB: 41 WB: 40
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   21  7   12:00   132  104   
00:15   8  8  12:15   119  115  
00:30   4  9  12:30   85  121  
00:45   6 39 9 33 72 12:45   102 438 106 446 884


01:00   4  6  13:00   111  109  
01:15   3  2  13:15   105  113  
01:30   7  6  13:30   99  124  
01:45   8 22 3 17 39 13:45   94 409 116 462 871


02:00   9  3   14:00   103  118   
02:15   7  1   14:15   101  110   
02:30   9  6   14:30   137  120   
02:45   6 31 4 14 45 14:45   105 446 114 462 908


03:00   6  1   15:00   124  115   
03:15   5  5   15:15   119  83   
03:30   5  6   15:30   141  103   
03:45   4 20 7 19 39 15:45   116 500 75 376 876


04:00   5  12   16:00   137  68   
04:15   2  16   16:15   106  100   
04:30   7  18   16:30   137  80   
04:45   12 26 31 77 103 16:45   117 497 79 327 824


05:00   11  26   17:00   149  75   
05:15   18  30   17:15   105  56   
05:30   20  37   17:30   102  58   
05:45   22 71 72 165 236 17:45   95 451 50 239 690


06:00   24  55   18:00   65  61   
06:15   33  68   18:15   68  59   
06:30   33  101   18:30   50  66   
06:45   34 124 125 349 473 18:45   42 225 47 233 458


07:00   54  95   19:00   44  42   
07:15   59  108   19:15   51  38   
07:30   58  120   19:30   42  28   
07:45   62 233 147 470 703 19:45   44 181 28 136 317


08:00   83  122   20:00   45  30   
08:15   69  112   20:15   39  24   
08:30   74  108   20:30   49  22   
08:45   76 302 89 431 733 20:45   32 165 29 105 270


09:00   81  86   21:00   28  18   
09:15   84  100   21:15   17  18   
09:30  79  94   21:30   24  18   
09:45   94 338 96 376 714 21:45   34 103 29 83 186


10:00   92  84   22:00   19  13   
10:15   89  76   22:15   6  24   
10:30   82  97   22:30   15  14   
10:45   93 356 91 348 704 22:45   11 51 8 59 110


11:00   118  90   23:00   13  7   
11:15   91  99   23:15   18  11   
11:30   135  96   23:30   11  9   
11:45   116 460 103 388 848 23:45   9 51 9 36 87


Total Vol. 2022 2687 4709  3517 2964 6481


NB SB EB WB Combined


  5539  5651 11190


Split % 42.9% 57.1% 42.1% 54.3% 45.7% 57.9%


Peak Hour 11:30 07:30 11:30 15:15 13:15 14:15


Volume 502 501 920 513 471 926
P.H.F. 0.93 0.85 0.97 0.91 0.95 0.90


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-006


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN WING & MAGNOLIA EB: 41 WB: 40
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   18  9   12:00   141  108   
00:15   8  10  12:15   126  126  
00:30   5  11  12:30   105  123  
00:45   4 35 8 38 73 12:45   99 471 114 471 942


01:00   3  9  13:00   115  107  
01:15   3  3  13:15   103  112  
01:30   5  5  13:30   100  128  
01:45   8 19 6 23 42 13:45   110 428 129 476 904


02:00   7  2   14:00   101  135   
02:15   7  3   14:15   116  115   
02:30   8  8   14:30   126  116   
02:45   5 27 4 17 44 14:45   125 468 102 468 936


03:00   4  3   15:00   135  98   
03:15   5  5   15:15   128  99   
03:30   4  9   15:30   144  108   
03:45   5 18 10 27 45 15:45   121 528 77 382 910


04:00   3  15   16:00   108  66   
04:15   8  22   16:15   121  70   
04:30   10  21   16:30   115  84   
04:45   13 34 38 96 130 16:45   126 470 72 292 762


05:00   22  28   17:00   144  60   
05:15   26  33   17:15   90  55   
05:30   20  42   17:30   95  51   
05:45   28 96 68 171 267 17:45   77 406 58 224 630


06:00   38  77   18:00   70  66   
06:15   40  69   18:15   77  51   
06:30   33  108   18:30   51  60   
06:45   31 142 115 369 511 18:45   62 260 42 219 479


07:00   40  88   19:00   51  44   
07:15   42  105   19:15   55  37   
07:30   58  121   19:30   62  28   
07:45   60 200 135 449 649 19:45   35 203 26 135 338


08:00   77  144   20:00   51  35   
08:15   61  116   20:15   55  44   
08:30   70  101   20:30   50  32   
08:45   72 280 102 463 743 20:45   42 198 33 144 342


09:00   88  88   21:00   48  20   
09:15   90  90   21:15   41  26   
09:30  70  105   21:30   35  22   
09:45   95 343 96 379 722 21:45   33 157 31 99 256


10:00   105  84   22:00   26  15   
10:15   95  77   22:15   15  22   
10:30   88  95   22:30   11  16   
10:45   96 384 105 361 745 22:45   18 70 10 63 133


11:00   108  96   23:00   10  8   
11:15   115  105   23:15   9  9   
11:30   126  112   23:30   12  10   
11:45   133 482 119 432 914 23:45   13 44 11 38 82


Total Vol. 2060 2825 4885  3703 3011 6714


NB SB EB WB Combined


  5763  5836 11599


Split % 42.2% 57.8% 42.1% 55.2% 44.8% 57.9%


Peak Hour 11:30 07:30 11:30 14:45 13:30 13:45


Volume 526 516 991 532 507 948
P.H.F. 0.93 0.90 0.98 0.92 0.94 0.98


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-007
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN MAGNOLIA & SR-67 SB RAMPS EB: 22 WB: 24
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   32  16   12:00   151  130   
00:15   40  14  12:15   166  178  
00:30   13  18  12:30   172  132  
00:45   14 99 11 59 158 12:45   173 662 148 588 1250


01:00   13  16  13:00   175  159  
01:15   22  16  13:15   156  173  
01:30   9  9  13:30   142  168  
01:45   18 62 14 55 117 13:45   153 626 141 641 1267


02:00   17  10   14:00   165  165   
02:15   16  6   14:15   159  146   
02:30   8  8   14:30   172  134   
02:45   6 47 9 33 80 14:45   165 661 168 613 1274


03:00   15  7   15:00   188  155   
03:15   14  3   15:15   183  160   
03:30   19  11   15:30   180  124   
03:45   8 56 8 29 85 15:45   228 779 148 587 1366


04:00   12  12   16:00   184  144   
04:15   9  14   16:15   177  168   
04:30   9  22   16:30   195  135   
04:45   10 40 29 77 117 16:45   205 761 144 591 1352


05:00   20  43   17:00   166  126   
05:15   26  48   17:15   170  101   
05:30   38  61   17:30   151  111   
05:45   48 132 58 210 342 17:45   144 631 90 428 1059


06:00   40  91   18:00   136  99   
06:15   42  107   18:15   123  84   
06:30   66  136   18:30   139  84   
06:45   65 213 159 493 706 18:45   125 523 102 369 892


07:00   88  151   19:00   120  110   
07:15   59  168   19:15   85  96   
07:30   70  215   19:30   85  81   
07:45   109 326 235 769 1095 19:45   93 383 53 340 723


08:00   110  166   20:00   94  66   
08:15   135  162   20:15   73  68   
08:30   100  159   20:30   78  63   
08:45   90 435 152 639 1074 20:45   73 318 38 235 553


09:00   121  167   21:00   91  50   
09:15   127  145   21:15   80  56   
09:30  110  148   21:30   76  32   
09:45   135 493 187 647 1140 21:45   69 316 46 184 500


10:00   140  141   22:00   56  53   
10:15   128  163   22:15   43  46   
10:30   130  140   22:30   63  44   
10:45   131 529 131 575 1104 22:45   49 211 50 193 404


11:00   123  169   23:00   35  23   
11:15   190  159   23:15   30  13   
11:30   144  145   23:30   40  22   
11:45   167 624 153 626 1250 23:45   33 138 21 79 217


Total Vol. 3056 4212 7268  6009 4848 10857


NB SB EB WB Combined


  9065  9060 18125


Split % 42.0% 58.0% 40.1% 55.3% 44.7% 59.9%


Peak Hour 11:45 07:15 11:00 15:45 12:45 15:45


Volume 656 784 1250 784 648 1379
P.H.F. 0.95 0.83 0.90 0.86 0.94 0.92


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-008


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


BRADLEY BTN SR-67 SB RAMPS & SR-67 NB RAMPS EB: 23 WB: 22
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   31  12   12:00   121  121   
00:15   33  10  12:15   135  126  
00:30   18  18  12:30   121  130  
00:45   15 97 10 50 147 12:45   135 512 128 505 1017


01:00   10  9  13:00   120  131  
01:15   22  9  13:15   126  120  
01:30   10  10  13:30   141  118  
01:45   9 51 12 40 91 13:45   131 518 126 495 1013


02:00   10  8   14:00   141  105   
02:15   15  9   14:15   144  123   
02:30   8  10   14:30   126  141   
02:45   9 42 5 32 74 14:45   122 533 144 513 1046


03:00   12  6   15:00   118  145   
03:15   15  8   15:15   135  126   
03:30   10  9   15:30   135  123   
03:45   10 47 11 34 81 15:45   140 528 148 542 1070


04:00   9  7   16:00   141  162   
04:15   11  9   16:15   155  140   
04:30   8  18   16:30   138  151   
04:45   9 37 20 54 91 16:45   142 576 138 591 1167


05:00   12  33   17:00   133  144   
05:15   18  38   17:15   148  118   
05:30   26  44   17:30   120  101   
05:45   33 89 51 166 255 17:45   119 520 92 455 975


06:00   35  70   18:00   121  88   
06:15   41  88   18:15   118  80   
06:30   38  92   18:30   108  75   
06:45   49 163 135 385 548 18:45   116 463 105 348 811


07:00   60  162   19:00   90  95   
07:15   66  177   19:15   88  88   
07:30   55  180   19:30   70  80   
07:45   78 259 151 670 929 19:45   66 314 75 338 652


08:00   80  177   20:00   68  68   
08:15   105  132   20:15   44  51   
08:30   77  144   20:30   51  44   
08:45   72 334 141 594 928 20:45   42 205 48 211 416


09:00   115  108   21:00   52  43   
09:15   122  121   21:15   48  32   
09:30  121  116   21:30   44  40   
09:45   116 474 115 460 934 21:45   35 179 35 150 329


10:00   135  124   22:00   42  18   
10:15   122  118   22:15   32  18   
10:30   105  109   22:30   28  22   
10:45   118 480 115 466 946 22:45   22 124 26 84 208


11:00   119  104   23:00   18  16   
11:15   144  117   23:15   26  11   
11:30   166  121   23:30   21  12   
11:45   162 591 124 466 1057 23:45   18 83 9 48 131


Total Vol. 2664 3417 6081  4555 4280 8835


NB SB EB WB Combined


  7219  7697 14916


Split % 43.8% 56.2% 40.8% 51.6% 48.4% 59.2%


Peak Hour 11:15 07:15 11:15 16:00 15:45 15:45


Volume 593 685 1076 576 601 1175
P.H.F. 0.89 0.95 0.94 0.93 0.93 0.97


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-009


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


 FLOYD SMITH BTN JOE CROSSON & BRADLEY EB: 31 WB: 32
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00   0  0   12:00   6  10   
00:15   0  0  12:15   12  4  
00:30   0  0  12:30   12  11  
00:45   0 0 0 0  12:45   1 31 6 31 62


01:00   0  0  13:00   1  8  
01:15   0  0  13:15   7  6  
01:30   0  0  13:30   6  5  
01:45   0 0 0 0  13:45   4 18 4 23 41


02:00   0  0   14:00   2  6   
02:15   0  0   14:15   4  7   
02:30   0  0   14:30   6  5   
02:45   0 0 1 1 1 14:45   3 15 9 27 42


03:00   0  0   15:00   2  7   
03:15   0  0   15:15   4  11   
03:30   0  0   15:30   8  7   
03:45   0 0 2 2 2 15:45   16 30 5 30 60


04:00   2  0   16:00   11  7   
04:15   0  0   16:15   8  11   
04:30   0  0   16:30   15  5   
04:45   0 2 1 1 3 16:45   6 40 5 28 68


05:00   0  1   17:00   12  6   
05:15   0  1   17:15   5  4   
05:30   0  1   17:30   7  3   
05:45   0 0 1 4 4 17:45   5 29 4 17 46


06:00   0  0   18:00   1  2   
06:15   0  5   18:15   0  4   
06:30   0  7   18:30   3  4   
06:45   1 1 5 17 18 18:45   6 10 5 15 25


07:00   1  4   19:00   5  4   
07:15   2  8   19:15   2  2   
07:30   0  11   19:30   1  0   
07:45   1 4 5 28 32 19:45   1 9 0 6 15


08:00   0  9   20:00   0  0   
08:15   4  6   20:15   0  1   
08:30   6  5   20:30   1  0   
08:45   1 11 4 24 35 20:45   0 1 0 1 2


09:00   3  5   21:00   1  0   
09:15   2  6   21:15   1  1   
09:30  2  2   21:30   1  0   
09:45   1 8 2 15 23 21:45   1 4 0 1 5


10:00   5  5   22:00   0  0   
10:15   2  4   22:15   0  0   
10:30   2  8   22:30   0  0   
10:45   5 14 9 26 40 22:45   0 0 1 1 1


11:00   6  11   23:00   0  0   
11:15   4  5   23:15   0  0   
11:30   7  12   23:30   0  0   
11:45   9 26 7 35 61 23:45   0 0 0 0  


Total Vol. 66 153 219  187 180 367


NB SB EB WB Combined


  253  333 586


Split % 30.1% 69.9% 37.4% 51.0% 49.0% 62.6%


Peak Hour 11:45 10:45 11:45 15:45 14:45 15:45


Volume 39 37 71 50 34 78
P.H.F. 0.81 0.77 0.77 0.78 0.77 0.93


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-010


85th PERCENTILE:


Gillespie Field Traffic Impact Study Appendix Page 25 of 296







Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


JOE CROSSON BTN FLOYD SMITH & AIRPORT NB: 40 SB: 41
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 1  0     12:00 10  12     
00:15 0  0    12:15 9  10    
00:30 0  0    12:30 10  12    
00:45 0 1 1 1   2 12:45 11 40 13 47   87


01:00 0  0    13:00 14  15    
01:15 0  0    13:15 14  14    
01:30 2  1    13:30 17  9    
01:45 0 2 0 1   3 13:45 13 58 6 44   102


02:00 0  2     14:00 7  7     
02:15 0  0     14:15 11  10     
02:30 0  1     14:30 3  9     
02:45 0 0 0 3   3 14:45 14 35 7 33   68


03:00 0  0     15:00 11  11     
03:15 0  0     15:15 9  11     
03:30 0  0     15:30 9  15     
03:45 0 0 0 0    15:45 7 36 7 44   80


04:00 0  0     16:00 10  18     
04:15 0  0     16:15 12  15     
04:30 0  0     16:30 11  22     
04:45 0 0 1 1   1 16:45 9 42 14 69   111


05:00 5  2     17:00 10  21     
05:15 1  0     17:15 9  15     
05:30 1  0     17:30 9  10     
05:45 0 7 0 2   9 17:45 5 33 14 60   93


06:00 3  0     18:00 2  12     
06:15 3  1     18:15 5  6     
06:30 6  1     18:30 3  7     
06:45 3 15 3 5   20 18:45 1 11 4 29   40


07:00 8  2     19:00 3  6     
07:15 15  5     19:15 3  0     
07:30 12  6     19:30 2  1     
07:45 13 48 4 17   65 19:45 1 9 0 7   16


08:00 15  8     20:00 3  1     
08:15 11  8     20:15 2  2     
08:30 4  9     20:30 1  5     
08:45 5 35 5 30   65 20:45 1 7 0 8   15


09:00 9  6     21:00 0  1     
09:15 5  10     21:15 0  0     
09:30 4  12    21:30 1  1     
09:45 9 27 18 46   73 21:45 1 2 1 3   5


10:00 5  11     22:00 0  0     
10:15 6  16     22:15 0  1     
10:30 5  9     22:30 0  0     
10:45 4 20 5 41   61 22:45 0 0 0 1   1


11:00 8  9     23:00 0  0     
11:15 10  11     23:15 0  0     
11:30 9  5     23:30 0  0     
11:45 12 39 8 33   72 23:45 1 1 0 0   1


Total Vol. 194 180 374  274 345 619


NB SB EB WB Combined


468 525    993


Split % 51.9% 48.1% 37.7% 44.3% 55.7% 62.3%


Peak Hour 07:15 09:30 11:45 13:00 16:15 16:15


Volume 55 57 83 58 72 114
P.H.F. 0.92 0.79 0.94 0.91 0.82 0.86


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-011


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


JOHNSON BTN FLOYD SMITH & BRADLEY NB: 27 SB: 25
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 1  0     12:00 8  6     
00:15 1  0    12:15 4  5    
00:30 1  0    12:30 8  10    
00:45 0 3 0 0   3 12:45 6 26 6 27   53


01:00 0  1    13:00 8  7    
01:15 0  0    13:15 6  13    
01:30 0  0    13:30 9  10    
01:45 1 1 0 1   2 13:45 7 30 12 42   72


02:00 0  0     14:00 7  13     
02:15 0  0     14:15 8  7     
02:30 0  0     14:30 7  9     
02:45 0 0 1 1   1 14:45 4 26 5 34   60


03:00 0  0     15:00 8  8     
03:15 0  0     15:15 7  4     
03:30 0  0     15:30 5  9     
03:45 0 0 0 0    15:45 6 26 5 26   52


04:00 0  0     16:00 8  8     
04:15 0  0     16:15 5  10     
04:30 0  0     16:30 5  14     
04:45 1 1 0 0   1 16:45 4 22 5 37   59


05:00 0  0     17:00 4  8     
05:15 2  2     17:15 4  2     
05:30 0  1     17:30 3  7     
05:45 1 3 0 3   6 17:45 3 14 6 23   37


06:00 0  0     18:00 3  7     
06:15 1  1     18:15 1  6     
06:30 1  0     18:30 5  5     
06:45 3 5 1 2   7 18:45 4 13 6 24   37


07:00 2  2     19:00 3  7     
07:15 10  3     19:15 2  1     
07:30 9  3     19:30 3  3     
07:45 5 26 4 12   38 19:45 1 9 0 11   20


08:00 5  2     20:00 2  3     
08:15 6  4     20:15 4  0     
08:30 7  2     20:30 1  2     
08:45 5 23 5 13   36 20:45 0 7 2 7   14


09:00 4  6     21:00 0  3     
09:15 9  2     21:15 0  2     
09:30 2  9    21:30 1  1     
09:45 7 22 11 28   50 21:45 1 2 0 6   8


10:00 6  9     22:00 1  0     
10:15 6  3     22:15 0  0     
10:30 5  7     22:30 0  0     
10:45 5 22 4 23   45 22:45 0 1 1 1   2


11:00 6  5     23:00 0  0     
11:15 8  9     23:15 0  0     
11:30 6  5     23:30 0  0     
11:45 5 25 9 28   53 23:45 0 0 0 0    


Total Vol. 131 111 242  176 238 414


NB SB EB WB Combined


307 349    656


Split % 54.1% 45.9% 36.9% 42.5% 57.5% 63.1%


Peak Hour 07:15 09:30 11:15 13:30 13:15 13:15


Volume 29 32 56 31 48 77
P.H.F. 0.73 0.73 0.82 0.83 0.92 0.96


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-012


85th PERCENTILE:
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


JOHNSON S-O BRADLEY NB: 43 SB: 40
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 3  13     12:00 44  40     
00:15 4  27    12:15 50  64    
00:30 1  13    12:30 51  51    
00:45 5 13 9 62   75 12:45 47 192 33 188   380


01:00 0  7    13:00 56  52    
01:15 1  11    13:15 58  52    
01:30 0  2    13:30 58  43    
01:45 0 1 3 23   24 13:45 50 222 47 194   416


02:00 2  7     14:00 58  36     
02:15 9  8     14:15 66  46     
02:30 7  0     14:30 71  47     
02:45 6 24 7 22   46 14:45 67 262 58 187   449


03:00 11  0     15:00 72  67     
03:15 3  0     15:15 63  54     
03:30 3  1     15:30 61  56     
03:45 3 20 1 2   22 15:45 72 268 82 259   527


04:00 3  7     16:00 56  44     
04:15 6  4     16:15 50  48     
04:30 6  2     16:30 88  66     
04:45 20 35 6 19   54 16:45 48 242 51 209   451


05:00 30  10     17:00 44  42     
05:15 21  8     17:15 46  35     
05:30 30  25     17:30 41  46     
05:45 28 109 17 60   169 17:45 33 164 33 156   320


06:00 66  25     18:00 30  30     
06:15 27  11     18:15 24  26     
06:30 41  28     18:30 24  26     
06:45 46 180 27 91   271 18:45 41 119 20 102   221


07:00 41  22     19:00 30  24     
07:15 35  35     19:15 21  19     
07:30 44  35     19:30 21  15     
07:45 36 156 36 128   284 19:45 19 91 15 73   164


08:00 35  38     20:00 18  9     
08:15 48  31     20:15 31  17     
08:30 33  33     20:30 28  8     
08:45 31 147 27 129   276 20:45 21 98 13 47   145


09:00 48  46     21:00 11  9     
09:15 45  35     21:15 9  19     
09:30 46  30    21:30 13  2     
09:45 27 166 37 148   314 21:45 11 44 7 37   81


10:00 50  44     22:00 7  9     
10:15 60  40     22:15 7  3     
10:30 43  41     22:30 10  7     
10:45 45 198 50 175   373 22:45 7 31 5 24   55


11:00 42  42     23:00 4  1     
11:15 44  46     23:15 4  3     
11:30 41  41     23:30 2  2     
11:45 40 167 49 178   345 23:45 6 16 3 9   25


Total Vol. 1216 1037 2253  1749 1485 3234


NB SB EB WB Combined


2965 2522    5487


Split % 54.0% 46.0% 41.1% 54.1% 45.9% 58.9%


Peak Hour 10:00 11:45 11:45 14:15 15:00 15:00


Volume 198 204 389 276 259 527
P.H.F. 0.83 0.80 0.85 0.95 0.79 0.86


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-013
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


MAGNOLIA BTN KENNY & AIRPORT NB: 45 SB: 46
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 8  9     12:00 59  104     
00:15 7  8    12:15 69  103    
00:30 9  12    12:30 79  94    
00:45 6 30 5 34   64 12:45 90 297 108 409   706


01:00 7  10    13:00 86  114    
01:15 8  13    13:15 92  99    
01:30 3  6    13:30 85  116    
01:45 7 25 9 38   63 13:45 89 352 110 439   791


02:00 6  4     14:00 82  93     
02:15 5  7     14:15 80  90     
02:30 6  2     14:30 75  92     
02:45 2 19 2 15   34 14:45 97 334 93 368   702


03:00 4  2     15:00 92  104     
03:15 1  21     15:15 106  91     
03:30 3  8     15:30 67  86     
03:45 2 10 4 35   45 15:45 85 350 105 386   736


04:00 1  10     16:00 115  105     
04:15 4  7     16:15 105  90     
04:30 2  5     16:30 138  112     
04:45 3 10 14 36   46 16:45 122 480 108 415   895


05:00 13  12     17:00 141  90     
05:15 3  14     17:15 90  77     
05:30 11  8     17:30 66  68     
05:45 15 42 34 68   110 17:45 68 365 62 297   662


06:00 16  29     18:00 58  55     
06:15 18  27     18:15 63  40     
06:30 28  62     18:30 53  35     
06:45 39 101 52 170   271 18:45 54 228 44 174   402


07:00 40  75     19:00 55  51     
07:15 66  90     19:15 51  40     
07:30 50  81     19:30 42  35     
07:45 66 222 105 351   573 19:45 44 192 42 168   360


08:00 51  92     20:00 47  44     
08:15 62  86     20:15 35  30     
08:30 50  81     20:30 41  28     
08:45 63 226 66 325   551 20:45 38 161 31 133   294


09:00 57  53     21:00 36  22     
09:15 53  56     21:15 50  21     
09:30 63  90    21:30 38  34     
09:45 66 239 67 266   505 21:45 33 157 18 95   252


10:00 65  87     22:00 29  20     
10:15 64  102     22:15 14  15     
10:30 75  85     22:30 29  25     
10:45 62 266 66 340   606 22:45 31 103 21 81   184


11:00 55  82     23:00 17  7     
11:15 63  95     23:15 15  9     
11:30 70  86     23:30 15  18     
11:45 82 270 88 351   621 23:45 7 54 20 54   108


Total Vol. 1460 2029 3489  3073 3019 6092


NB SB EB WB Combined


4533 5048    9581


Split % 41.8% 58.2% 36.4% 50.4% 49.6% 63.6%


Peak Hour 11:45 11:45 11:45 16:15 13:00 16:15


Volume 289 389 678 506 439 906
P.H.F. 0.88 0.94 0.98 0.88 0.95 0.91


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-015
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


MAGNOLIA BTN AIRPORT & DENNY NB: 46 SB: 45
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 8  11     12:00 76  66     
00:15 10  9    12:15 80  84    
00:30 7  8    12:30 105  88    
00:45 5 30 10 38   68 12:45 106 367 81 319   686


01:00 6  6    13:00 99  90    
01:15 8  5    13:15 105  84    
01:30 9  4    13:30 88  75    
01:45 5 28 6 21   49 13:45 77 369 78 327   696


02:00 4  3     14:00 68  88     
02:15 2  4     14:15 77  84     
02:30 3  1     14:30 78  95     
02:45 2 11 3 11   22 14:45 70 293 92 359   652


03:00 1  2     15:00 84  87     
03:15 0  8     15:15 88  88     
03:30 1  5     15:30 82  90     
03:45 2 4 2 17   21 15:45 95 349 101 366   715


04:00 0  6     16:00 99  105     
04:15 1  4     16:15 91  115     
04:30 2  3     16:30 115  108     
04:45 4 7 7 20   27 16:45 127 432 90 418   850


05:00 8  8     17:00 90  88     
05:15 9  7     17:15 66  72     
05:30 11  12     17:30 61  84     
05:45 12 40 20 47   87 17:45 62 279 70 314   593


06:00 15  17     18:00 55  66     
06:15 20  16     18:15 51  70     
06:30 33  28     18:30 60  65     
06:45 35 103 36 97   200 18:45 58 224 62 263   487


07:00 48  70     19:00 44  44     
07:15 51  82     19:15 41  51     
07:30 60  68     19:30 51  42     
07:45 66 225 92 312   537 19:45 50 186 50 187   373


08:00 51  88     20:00 42  42     
08:15 40  70     20:15 35  35     
08:30 62  81     20:30 33  32     
08:45 55 208 55 294   502 20:45 35 145 28 137   282


09:00 44  44     21:00 26  21     
09:15 54  48     21:15 18  22     
09:30 50  51    21:30 22  20     
09:45 41 189 55 198   387 21:45 18 84 15 78   162


10:00 48  52     22:00 12  11     
10:15 44  62     22:15 15  6     
10:30 41  54     22:30 10  9     
10:45 38 171 51 219   390 22:45 9 46 12 38   84


11:00 52  53     23:00 12  5     
11:15 48  68     23:15 5  9     
11:30 62  66     23:30 8  10     
11:45 66 228 62 249   477 23:45 9 34 5 29   63


Total Vol. 1244 1523 2767  2808 2835 5643


NB SB EB WB Combined


4052 4358    8410


Split % 45.0% 55.0% 32.9% 49.8% 50.2% 67.1%


Peak Hour 11:45 07:45 11:45 16:00 15:45 16:00


Volume 327 331 627 432 429 850
P.H.F. 0.78 0.90 0.81 0.91 0.93 0.95


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-016
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


MAGNOLIA BTN DENNY & BRADLEY NB: 33 SB: 34
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 15  21     12:00 133  156     
00:15 12  20    12:15 122  168    
00:30 9  18    12:30 180  150    
00:45 7 43 10 69   112 12:45 143 578 156 630   1208


01:00 11  12    13:00 177  159    
01:15 15  22    13:15 138  149    
01:30 8  10    13:30 132  170    
01:45 12 46 12 56   102 13:45 107 554 119 597   1151


02:00 10  7     14:00 116  93     
02:15 5  8     14:15 116  161     
02:30 8  2     14:30 123  152     
02:45 3 26 5 22   48 14:45 108 463 156 562   1025


03:00 4  7     15:00 112  170     
03:15 1  22     15:15 107  138     
03:30 7  11     15:30 94  142     
03:45 1 13 3 43   56 15:45 110 423 162 612   1035


04:00 6  9     16:00 138  150     
04:15 3  8     16:15 121  154     
04:30 4  5     16:30 106  126     
04:45 8 21 15 37   58 16:45 125 490 166 596   1086


05:00 12  14     17:00 122  142     
05:15 10  15     17:15 98  130     
05:30 23  16     17:30 105  118     
05:45 24 69 39 84   153 17:45 90 415 121 511   926


06:00 36  38     18:00 89  117     
06:15 51  32     18:15 79  122     
06:30 53  73     18:30 67  116     
06:45 67 207 66 209   416 18:45 78 313 101 456   769


07:00 77  77     19:00 79  115     
07:15 80  88     19:15 58  76     
07:30 105  90     19:30 55  75     
07:45 115 377 95 350   727 19:45 64 256 71 337   593


08:00 90  126     20:00 57  95     
08:15 77  151     20:15 50  77     
08:30 101  106     20:30 52  64     
08:45 99 367 99 482   849 20:45 50 209 51 287   496


09:00 89  86     21:00 42  61     
09:15 96  82     21:15 62  48     
09:30 90  111    21:30 38  51     
09:45 79 354 109 388   742 21:45 44 186 41 201   387


10:00 97  103     22:00 38  39     
10:15 85  117     22:15 33  38     
10:30 84  108     22:30 39  38     
10:45 74 340 106 434   774 22:45 42 152 47 162   314


11:00 99  116     23:00 35  29     
11:15 82  132     23:15 21  17     
11:30 114  126     23:30 25  27     
11:45 114 409 120 494   903 23:45 7 88 25 98   186


Total Vol. 2272 2668 4940  4127 5049 9176


NB SB EB WB Combined


6399 7717    14116


Split % 46.0% 54.0% 35.0% 45.0% 55.0% 65.0%


Peak Hour 11:45 11:45 11:45 12:30 14:15 12:15


Volume 549 594 1143 638 639 1255
P.H.F. 0.76 0.88 0.87 0.94 0.94 0.93


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-017
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


PIONEER S-O BRADLEY NB: 41 SB: 38
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 2  2     12:00 46  38     
00:15 0  2    12:15 53  47    
00:30 4  3    12:30 52  48    
00:45 1 7 3 10   17 12:45 52 203 36 169   372


01:00 3  1    13:00 62  44    
01:15 0  1    13:15 57  41    
01:30 0  2    13:30 59  32    
01:45 3 6 0 4   10 13:45 46 224 42 159   383


02:00 3  2     14:00 52  36     
02:15 2  1     14:15 52  38     
02:30 1  0     14:30 53  35     
02:45 1 7 0 3   10 14:45 48 205 42 151   356


03:00 0  2     15:00 47  45     
03:15 1  0     15:15 49  52     
03:30 0  2     15:30 42  60     
03:45 3 4 1 5   9 15:45 44 182 72 229   411


04:00 0  1     16:00 55  35     
04:15 3  1     16:15 40  38     
04:30 2  3     16:30 68  33     
04:45 1 6 0 5   11 16:45 41 204 28 134   338


05:00 17  6     17:00 44  31     
05:15 3  9     17:15 35  25     
05:30 8  3     17:30 31  30     
05:45 11 39 11 29   68 17:45 35 145 22 108   253


06:00 21  13     18:00 29  20     
06:15 18  10     18:15 16  19     
06:30 24  15     18:30 25  15     
06:45 36 99 23 61   160 18:45 12 82 27 81   163


07:00 25  20     19:00 19  14     
07:15 33  25     19:15 12  5     
07:30 31  26     19:30 18  17     
07:45 35 124 44 115   239 19:45 13 62 11 47   109


08:00 32  38     20:00 14  10     
08:15 38  35     20:15 10  9     
08:30 30  26     20:30 11  11     
08:45 44 144 33 132   276 20:45 11 46 8 38   84


09:00 58  33     21:00 12  10     
09:15 51  38     21:15 13  7     
09:30 55  42    21:30 6  10     
09:45 50 214 35 148   362 21:45 10 41 14 41   82


10:00 42  41     22:00 7  6     
10:15 46  44     22:15 4  3     
10:30 41  32     22:30 7  5     
10:45 51 180 43 160   340 22:45 3 21 5 19   40


11:00 42  38     23:00 0  1     
11:15 44  47     23:15 4  2     
11:30 39  36     23:30 2  1     
11:45 42 167 56 177   344 23:45 2 8 2 6   14


Total Vol. 997 849 1846  1423 1182 2605


NB SB EB WB Combined


2420 2031    4451


Split % 54.0% 46.0% 41.5% 54.6% 45.4% 58.5%


Peak Hour 09:00 11:45 11:45 12:45 15:00 15:00


Volume 214 189 382 230 229 411
P.H.F. 0.92 0.84 0.96 0.92 0.80 0.89


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-018
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Average Daily Traffic Volumes
Prepared by: Field Data Services of Arizona, Inc.


THURSDAY MAY 26, 2011 CITY: EL CAJON PROJECT:


WING BTN AIRPORT & BRADLEY NB: 43 SB: 36
AM Period NB  SB  EB  WB PM Period NB SB EB  WB


00:00 1  0     12:00 21  18     
00:15 1  0    12:15 20  16    
00:30 0  0    12:30 18  14    
00:45 0 2 0 0   2 12:45 19 78 24 72   150


01:00 0  0    13:00 18  14    
01:15 0  0    13:15 17  16    
01:30 0  0    13:30 16  14    
01:45 0 0 0 0    13:45 10 61 17 61   122


02:00 0  0     14:00 14  15     
02:15 0  0     14:15 18  17     
02:30 0  0     14:30 14  9     
02:45 1 1 0 0   1 14:45 22 68 9 50   118


03:00 0  0     15:00 18  10     
03:15 1  0     15:15 23  16     
03:30 0  0     15:30 16  17     
03:45 0 1 0 0   1 15:45 25 82 16 59   141


04:00 1  0     16:00 28  10     
04:15 0  0     16:15 10  18     
04:30 0  0     16:30 26  7     
04:45 1 2 0 0   2 16:45 20 84 15 50   134


05:00 3  0     17:00 18  11     
05:15 5  0     17:15 12  9     
05:30 1  0     17:30 10  6     
05:45 7 16 0 0   16 17:45 6 46 7 33   79


06:00 6  3     18:00 5  6     
06:15 7  4     18:15 4  4     
06:30 11  12     18:30 0  0     
06:45 12 36 10 29   65 18:45 4 13 6 16   29


07:00 10  6     19:00 6  7     
07:15 12  8     19:15 2  7     
07:30 15  4     19:30 2  1     
07:45 18 55 10 28   83 19:45 3 13 5 20   33


08:00 12  10     20:00 2  3     
08:15 10  7     20:15 4  5     
08:30 10  9     20:30 2  0     
08:45 13 45 9 35   80 20:45 5 13 2 10   23


09:00 11  7     21:00 1  2     
09:15 16  10     21:15 3  1     
09:30 18  12    21:30 2  0     
09:45 11 56 9 38   94 21:45 2 8 2 5   13


10:00 16  12     22:00 2  1     
10:15 12  14     22:15 4  0     
10:30 15  11     22:30 0  1     
10:45 13 56 9 46   102 22:45 0 6 0 2   8


11:00 17  13     23:00 1  2     
11:15 21  18     23:15 0  1     
11:30 26  15     23:30 0  0     
11:45 22 86 14 60   146 23:45 0 1 0 3   4


Total Vol. 356 236 592  473 381 854


NB SB EB WB Combined


829 617    1446


Split % 60.1% 39.9% 40.9% 55.4% 44.6% 59.1%


Peak Hour 11:15 11:15 11:15 15:15 12:00 15:15


Volume 90 65 155 92 72 151
P.H.F. 0.87 0.90 0.95 0.89 0.75 0.92


PACIFIC TRAFFIC & TRANSIT DATA SERVICES


PMAM


Daily Totals


CA11-0527-06-019
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: JOHNSON LOCATION #: 1


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 JOHNSON JOHNSON BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 1 1 1 0 1 0 1 2 0 1 2 0


7:00 AM 21 3 11 0 1 2 1 32 12 10 77 0 170
7:15 AM 16 7 15 0 1 3 6 48 7 22 66 0 191
7:30 AM 22 7 16 1 0 2 4 43 10 23 84 1 213
7:45 AM 18 4 12 0 1 4 3 52 11 19 105 0 229
8:00 AM 17 4 15 0 0 3 3 55 9 22 88 0 216
8:15 AM 26 4 18 1 0 4 4 62 12 20 99 1 251
8:30 AM 18 5 11 2 0 2 2 51 8 23 79 0 201
8:45 AM 15 2 12 0 1 6 3 50 9 18 69 0 185


VOLUMES 153 36 110 4 4 26 26 393 78 157 667 2 1,656
APPROACH % 51% 12% 37% 12% 12% 76% 5% 79% 16% 19% 81% 0%
APP/DEPART 299 / 64 34 / 239 497 / 507 826 / 846 0
BEGIN PEAK HR
VOLUMES 83 19 61 2 1 13 14 212 42 84 376 2 909
APPROACH % 51% 12% 37% 13% 6% 81% 5% 79% 16% 18% 81% 0%
PEAK HR FACTOR 0.849 0.800 0.859 0.931 0.905
APP/DEPART 163 / 35 16 / 127 268 / 275 462 / 472 0


4:00 PM 20 6 29 1 3 4 0 91 24 16 46 2 242
4:15 PM 17 5 29 1 4 3 1 66 26 9 60 1 222
4:30 PM 33 3 43 2 11 5 2 70 27 24 57 0 277
4:45 PM 23 3 24 1 1 4 2 85 25 20 55 1 244
5:00 PM 21 3 25 1 5 5 2 84 21 11 46 2 226
5:15 PM 18 2 18 0 1 2 0 77 15 11 51 1 196
5:30 PM 22 3 15 0 6 3 1 65 22 11 42 1 191
5:45 PM 14 1 15 1 3 4 2 58 18 13 47 1 177


VOLUMES 168 26 198 7 34 30 10 596 178 115 404 9 1,775
APPROACH % 43% 7% 51% 10% 48% 42% 1% 76% 23% 22% 77% 2%
APP/DEPART 392 / 45 71 / 327 784 / 801 528 / 602 0
BEGIN PEAK HR
VOLUMES 93 17 125 5 19 16 5 312 102 69 218 4 985
APPROACH % 40% 7% 53% 13% 48% 40% 1% 74% 24% 24% 75% 1%
PEAK HR FACTOR 0.744 0.556 0.911 0.898 0.889
APP/DEPART 235 / 26 40 / 190 419 / 442 291 / 327 0


JOHNSON


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY


SOUTH SIDE


JOHNSON


 


7:30 AM


4:00 PM


A
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: PIONEER LOCATION #: 2


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 PIONEER PIONEER BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 0.5 0.5 1 0 1 0 1 2 0 1 2 0


7:00 AM 6 1 13 1 0 1 0 38 10 13 82 6 171
7:15 AM 8 5 21 0 1 0 0 42 8 12 94 4 195
7:30 AM 14 1 16 1 0 0 0 44 7 16 97 6 202
7:45 AM 13 3 12 0 1 0 0 57 19 21 118 3 247
8:00 AM 13 2 18 0 0 0 0 60 16 19 105 3 236
8:15 AM 13 2 17 3 1 0 1 52 18 13 101 5 226
8:30 AM 11 2 21 3 0 1 0 49 11 14 88 3 203
8:45 AM 11 1 31 0 2 0 0 46 19 11 83 4 208


VOLUMES 89 17 149 8 5 2 1 388 108 119 768 34 1,688
APPROACH % 35% 7% 58% 53% 33% 13% 0% 78% 22% 13% 83% 4%
APP/DEPART 255 / 52 15 / 232 497 / 545 921 / 859 0
BEGIN PEAK HR
VOLUMES 50 9 68 6 2 1 1 218 64 67 412 14 912
APPROACH % 39% 7% 54% 67% 22% 11% 0% 77% 23% 14% 84% 3%
PEAK HR FACTOR 0.934 0.563 0.931 0.868 0.923
APP/DEPART 127 / 24 9 / 133 283 / 292 493 / 463 0


4:00 PM 19 3 28 6 3 1 0 99 17 14 51 0 241
4:15 PM 18 3 27 2 1 0 1 86 11 23 70 4 246
4:30 PM 25 2 35 6 2 1 0 89 15 16 59 2 252
4:45 PM 13 0 27 3 2 0 0 94 13 9 56 6 223
5:00 PM 17 1 25 3 1 0 0 107 18 11 53 1 237
5:15 PM 15 0 21 4 1 0 0 78 10 13 41 4 187
5:30 PM 11 1 23 2 2 0 1 77 16 15 40 2 190
5:45 PM 12 0 22 4 1 1 0 65 11 10 44 3 173


VOLUMES 130 10 208 30 13 3 2 695 111 111 414 22 1,749
APPROACH % 37% 3% 60% 65% 28% 7% 0% 86% 14% 20% 76% 4%
APP/DEPART 348 / 34 46 / 235 808 / 933 547 / 547 0
BEGIN PEAK HR
VOLUMES 75 8 117 17 8 2 1 368 56 62 236 12 962
APPROACH % 38% 4% 59% 63% 30% 7% 0% 87% 13% 20% 76% 4%
PEAK HR FACTOR 0.806 0.675 0.916 0.799 0.954
APP/DEPART 200 / 21 27 / 126 425 / 502 310 / 313 0


PIONEER


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY


SOUTH SIDE


PIONEER


 


7:45 AM


4:00 PM
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: WING LOCATION #: 3


THURSDAY EAST & WEST: BRADLEY CONTROL: 1 WAY STOP SB


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 WING WING BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: X X X 0.5 X 0.5 1 2 X X 2 0


7:00 AM 0 6 13 44 86 0 149
7:15 AM 1 6 5 39 100 6 157
7:30 AM 0 3 10 57 115 3 188
7:45 AM 2 10 11 51 130 4 208
8:00 AM 5 4 10 66 128 4 217
8:15 AM 2 7 4 66 117 7 203
8:30 AM 3 7 6 68 99 7 190
8:45 AM 4 5 10 71 104 2 196


VOLUMES 0 0 0 17 0 48 69 462 0 0 879 33 1,508
APPROACH % 0% 0% 0% 26% 0% 74% 13% 87% 0% 0% 96% 4%
APP/DEPART 0 / 102 65 / 0 531 / 479 912 / 927 0
BEGIN PEAK HR
VOLUMES 0 0 0 12 0 28 31 251 0 0 474 22 818
APPROACH % 0% 0% 0% 30% 0% 70% 11% 89% 0% 0% 96% 4%
PEAK HR FACTOR 0.000 0.833 0.928 0.925 0.942
APP/DEPART 0 / 53 40 / 0 282 / 263 496 / 502 0


4:00 PM 4 6 21 110 55 3 199
4:15 PM 3 12 9 107 75 1 207
4:30 PM 2 7 25 116 77 3 230
4:45 PM 8 10 18 112 73 1 222
5:00 PM 2 7 12 138 56 3 218
5:15 PM 5 4 13 86 52 1 161
5:30 PM 2 3 11 91 53 1 161
5:45 PM 4 4 5 68 49 0 130


VOLUMES 0 0 0 30 0 53 114 828 0 0 490 13 1,528
APPROACH % 0% 0% 0% 36% 0% 64% 12% 88% 0% 0% 97% 3%
APP/DEPART 0 / 127 83 / 0 942 / 858 503 / 543 0
BEGIN PEAK HR
VOLUMES 0 0 0 15 0 36 64 473 0 0 281 8 877
APPROACH % 0% 0% 0% 29% 0% 71% 12% 88% 0% 0% 97% 3%
PEAK HR FACTOR 0.000 0.708 0.895 0.903 0.953
APP/DEPART 0 / 72 51 / 0 537 / 488 289 / 317 0


WING


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY


SOUTH SIDE


WING


 


7:45 AM


4:15 PM
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M
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: MAGNOLIA LOCATION #: 4


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 MAGNOLIA MAGNOLIA BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 1 2 0 2 1 1 1 2 1 1 2 1


7:00 AM 4 22 11 30 31 15 9 41 0 35 64 45 307
7:15 AM 11 18 12 19 46 21 17 24 4 34 86 51 343
7:30 AM 8 19 13 23 36 22 16 33 5 33 108 61 377
7:45 AM 5 21 28 39 39 21 19 40 7 43 121 63 446
8:00 AM 5 23 16 46 40 35 11 41 8 30 85 49 389
8:15 AM 14 17 25 64 50 32 19 52 11 37 77 37 435
8:30 AM 9 34 16 42 33 35 21 41 14 29 82 49 405
8:45 AM 9 18 8 41 28 25 17 46 10 26 73 55 356


VOLUMES 65 172 129 304 303 206 129 318 59 267 696 410 3,058
APPROACH % 18% 47% 35% 37% 37% 25% 25% 63% 12% 19% 51% 30%
APP/DEPART 366 / 711 813 / 629 506 / 751 1,373 / 967 0
BEGIN PEAK HR
VOLUMES 33 95 85 191 162 123 70 174 40 139 365 198 1,675
APPROACH % 15% 45% 40% 40% 34% 26% 25% 61% 14% 20% 52% 28%
PEAK HR FACTOR 0.903 0.815 0.866 0.773 0.939
APP/DEPART 213 / 363 476 / 341 284 / 450 702 / 521 0


4:00 PM 4 50 33 59 71 11 19 79 16 37 41 61 481
4:15 PM 0 40 22 66 48 40 25 81 7 51 62 53 495
4:30 PM 14 49 44 50 57 20 19 88 13 41 40 51 486
4:45 PM 11 34 34 78 57 25 36 87 9 44 47 54 516
5:00 PM 16 48 33 38 62 32 29 84 10 38 25 43 458
5:15 PM 1 34 28 68 47 23 22 80 13 31 40 37 424
5:30 PM 4 24 26 60 38 16 23 68 7 16 37 48 367
5:45 PM 4 27 23 69 43 15 22 51 5 17 27 41 344


VOLUMES 54 306 243 488 423 182 195 618 80 275 319 388 3,571
APPROACH % 9% 51% 40% 45% 39% 17% 22% 69% 9% 28% 32% 40%
APP/DEPART 603 / 889 1,093 / 778 893 / 1,349 982 / 555 0
BEGIN PEAK HR
VOLUMES 29 173 133 253 233 96 99 335 45 173 190 219 1,978
APPROACH % 9% 52% 40% 43% 40% 16% 21% 70% 9% 30% 33% 38%
PEAK HR FACTOR 0.783 0.909 0.907 0.877 0.958
APP/DEPART 335 / 491 582 / 451 479 / 721 582 / 315 0


MAGNOLIA


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY


SOUTH SIDE


MAGNOLIA
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: SR-67 SB RAMPS LOCATION #: 5


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 SR-67 SB RAMPS SR-67 SB RAMPS BRADLEY BRADLEY 


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: X X X 1 0 1 X 1 1 0.5 0.5 X


7:00 AM 11 0 62 43 37 53 97 303
7:15 AM 35 0 57 27 32 67 111 329
7:30 AM 24 0 90 34 47 60 124 379
7:45 AM 25 0 111 48 61 31 112 388
8:00 AM 27 0 75 58 64 54 116 394
8:15 AM 30 0 56 69 66 53 76 350
8:30 AM 32 0 67 46 59 56 103 363
8:45 AM 27 0 50 45 51 49 91 313


VOLUMES 0 0 0 211 0 568 0 370 417 423 830 0 2,819
APPROACH % 0% 0% 0% 27% 0% 73% 0% 47% 53% 34% 66% 0%
APP/DEPART 0 / 0 779 / 840 787 / 581 1,253 / 1,398 0
BEGIN PEAK HR
VOLUMES 0 0 0 106 0 332 0 209 238 198 428 0 1,511
APPROACH % 0% 0% 0% 24% 0% 76% 0% 47% 53% 32% 68% 0%
PEAK HR FACTOR 0.000 0.805 0.828 0.851 0.959
APP/DEPART 0 / 0 438 / 436 447 / 315 626 / 760 0


4:00 PM 44 0 51 90 103 64 89 441
4:15 PM 60 0 67 86 90 57 89 449
4:30 PM 54 0 44 75 133 50 94 450
4:45 PM 53 0 66 88 96 57 71 431
5:00 PM 55 0 35 73 99 57 69 388
5:15 PM 60 0 47 82 105 48 67 409
5:30 PM 60 0 30 66 82 47 65 350
5:45 PM 52 0 43 57 88 33 53 326


VOLUMES 0 0 0 438 0 383 0 617 796 413 597 0 3,244
APPROACH % 0% 0% 0% 53% 0% 47% 0% 44% 56% 41% 59% 0%
APP/DEPART 0 / 0 821 / 1,209 1,413 / 1,055 1,010 / 980 0
BEGIN PEAK HR
VOLUMES 0 0 0 211 0 228 0 339 422 228 343 0 1,771
APPROACH % 0% 0% 0% 48% 0% 52% 0% 45% 55% 40% 60% 0%
PEAK HR FACTOR 0.000 0.864 0.915 0.933 0.984
APP/DEPART 0 / 0 439 / 650 761 / 550 571 / 571 0


SR-67 SB RAMPS


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY 


SOUTH SIDE


SR-67 SB RAMPS
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: SR-67 NB RAMPS LOCATION #: 6


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 SR-67 NB RAMPS SR-67 NB RAMPS BRADLEY BRADLEY 


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 0 1 1 X X X 0 1 X X 1 0


7:00 AM 60 0 44 22 33 90 63 312
7:15 AM 67 0 39 17 38 109 74 344
7:30 AM 67 1 50 26 35 121 59 359
7:45 AM 75 0 55 28 41 71 56 326
8:00 AM 66 0 87 42 49 102 52 398
8:15 AM 41 0 63 40 54 96 47 341
8:30 AM 50 0 56 30 46 107 51 340
8:45 AM 44 0 48 28 41 94 45 300


VOLUMES 470 1 442 0 0 0 233 337 0 0 790 447 2,720
APPROACH % 51% 0% 48% 0% 0% 0% 41% 59% 0% 0% 64% 36%
APP/DEPART 913 / 681 0 / 0 570 / 779 1,237 / 1,260 0
BEGIN PEAK HR
VOLUMES 275 1 231 0 0 0 113 163 0 0 403 241 1,427
APPROACH % 54% 0% 46% 0% 0% 0% 41% 59% 0% 0% 63% 37%
PEAK HR FACTOR 0.828 0.000 0.758 0.880 0.896
APP/DEPART 507 / 355 0 / 0 276 / 394 644 / 678 0


4:00 PM 58 1 116 45 85 90 35 430
4:15 PM 52 1 117 43 104 97 42 456
4:30 PM 56 0 110 35 93 87 37 418
4:45 PM 45 1 108 43 96 91 42 426
5:00 PM 34 0 105 36 96 84 41 396
5:15 PM 45 0 92 37 105 74 44 397
5:30 PM 37 0 101 33 90 71 40 372
5:45 PM 29 0 89 26 81 55 36 316


VOLUMES 356 3 838 0 0 0 298 750 0 0 649 317 3,211
APPROACH % 30% 0% 70% 0% 0% 0% 28% 72% 0% 0% 67% 33%
APP/DEPART 1,197 / 618 0 / 0 1,048 / 1,588 966 / 1,005 0
BEGIN PEAK HR
VOLUMES 211 3 451 0 0 0 166 378 0 0 365 156 1,730
APPROACH % 32% 0% 68% 0% 0% 0% 31% 69% 0% 0% 70% 30%
PEAK HR FACTOR 0.950 0.000 0.925 0.937 0.948
APP/DEPART 665 / 325 0 / 0 544 / 829 521 / 576 0


SR-67 NB RAMPS


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY 


SOUTH SIDE


SR-67 NB RAMPS
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: JOE CROSSON LOCATION #: 7


THURSDAY EAST & WEST: FLOYD CONTROL: 1-STOP (SB)


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 JOE CROSSON JOE CROSSON FLOYD FLOYD


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: X X X 0.5 X 0.5 0 1 X X 1 0


7:00 AM 0 1 4 0 0 3 8
7:15 AM 2 2 7 1 0 9 21
7:30 AM 0 5 5 0 0 9 19
7:45 AM 1 3 5 0 1 6 16
8:00 AM 0 7 8 0 1 8 24
8:15 AM 3 5 4 0 1 5 18
8:30 AM 4 4 1 1 2 2 14
8:45 AM 2 4 3 0 1 4 14


VOLUMES 0 0 0 12 0 31 37 2 0 0 6 46 134
APPROACH % 0% 0% 0% 28% 0% 72% 95% 5% 0% 0% 12% 88%
APP/DEPART 0 / 83 43 / 0 39 / 14 52 / 37 0
BEGIN PEAK HR
VOLUMES 0 0 0 3 0 17 25 1 0 0 2 32 80
APPROACH % 0% 0% 0% 15% 0% 85% 96% 4% 0% 0% 6% 94%
PEAK HR FACTOR 0.000 0.714 0.813 0.944 0.833
APP/DEPART 0 / 57 20 / 0 26 / 4 34 / 19 0


4:00 PM 10 8 6 0 0 5 29
4:15 PM 7 6 2 0 1 9 25
4:30 PM 15 9 3 1 0 6 34
4:45 PM 6 7 4 0 0 5 22
5:00 PM 11 7 7 0 1 6 32
5:15 PM 4 9 5 1 0 3 22
5:30 PM 8 4 3 0 1 4 20
5:45 PM 7 6 3 0 0 4 20


VOLUMES 0 0 0 68 0 56 33 2 0 0 3 42 204
APPROACH % 0% 0% 0% 55% 0% 45% 94% 6% 0% 0% 7% 93%
APP/DEPART 0 / 75 124 / 0 35 / 70 45 / 59 0
BEGIN PEAK HR
VOLUMES 0 0 0 39 0 29 16 1 0 0 2 26 113
APPROACH % 0% 0% 0% 57% 0% 43% 94% 6% 0% 0% 7% 93%
PEAK HR FACTOR 0.000 0.708 0.607 0.700 0.831
APP/DEPART 0 / 42 68 / 0 17 / 40 28 / 31 0


JOE CROSSON


NORTH SIDE


FLOYD WEST SIDE EAST SIDE FLOYD
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: WING LOCATION #: 8


THURSDAY EAST & WEST: AIRPORT CONTROL: 1-WAY STOP (NB)


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 WING WING AIRPORT AIRPORT


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 0.5 X 0.5 X X X X 1 0 0 1 X


7:00 AM 1 1 3 2 2 5 14
7:15 AM 1 7 3 1 4 9 25
7:30 AM 0 4 2 1 2 4 13
7:45 AM 0 4 3 0 1 10 18
8:00 AM 1 7 1 2 3 12 26
8:15 AM 0 6 0 1 3 6 16
8:30 AM 0 6 3 1 2 6 18
8:45 AM 1 5 1 2 4 5 18


VOLUMES 4 0 40 0 0 0 0 16 10 21 57 0 148
APPROACH % 9% 0% 91% 0% 0% 0% 0% 62% 38% 27% 73% 0%
APP/DEPART 44 / 0 0 / 31 26 / 56 78 / 61 0
BEGIN PEAK HR
VOLUMES 2 0 22 0 0 0 0 9 4 10 35 0 82
APPROACH % 8% 0% 92% 0% 0% 0% 0% 69% 31% 22% 78% 0%
PEAK HR FACTOR 0.750 0.000 0.813 0.750 0.788
APP/DEPART 24 / 0 0 / 14 13 / 31 45 / 37 0


4:00 PM 2 10 12 2 4 7 37
4:15 PM 2 5 6 4 4 4 25
4:30 PM 3 17 13 2 0 7 42
4:45 PM 0 14 8 3 5 4 34
5:00 PM 2 12 18 2 4 6 44
5:15 PM 1 4 8 0 0 5 18
5:30 PM 0 2 3 2 1 6 14
5:45 PM 0 4 3 0 0 4 11


VOLUMES 10 0 68 0 0 0 0 71 15 18 43 0 225
APPROACH % 13% 0% 87% 0% 0% 0% 0% 83% 17% 30% 70% 0%
APP/DEPART 78 / 0 0 / 33 86 / 139 61 / 53 0
BEGIN PEAK HR
VOLUMES 7 0 48 0 0 0 0 45 11 13 21 0 145
APPROACH % 13% 0% 87% 0% 0% 0% 0% 80% 20% 38% 62% 0%
PEAK HR FACTOR 0.688 0.000 0.700 0.850 0.824
APP/DEPART 55 / 0 0 / 24 56 / 93 34 / 28 0


WING
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AIRPORT WEST SIDE EAST SIDE AIRPORT
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: MAGNOLIA LOCATION #: 9


THURSDAY EAST & WEST: AIRPORT CONTROL: 1-WAY STOP (EB)


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 MAGNOLIA MAGNOLIA AIRPORT AIRPORT


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 0 1 X X 1 0 0.5 X 0.5 X X X


7:00 AM 2 42 71 7 6 0 128
7:15 AM 3 52 70 10 5 2 142
7:30 AM 0 57 71 6 4 0 138
7:45 AM 2 55 83 9 6 1 156
8:00 AM 5 47 84 11 5 3 155
8:15 AM 2 42 75 4 3 1 127
8:30 AM 5 57 77 6 6 7 158
8:45 AM 2 49 45 7 8 2 113


VOLUMES 21 401 0 0 576 60 43 0 16 0 0 0 1,117
APPROACH % 5% 95% 0% 0% 91% 9% 73% 0% 27% 0% 0% 0%
APP/DEPART 422 / 444 636 / 592 59 / 0 0 / 81 0
BEGIN PEAK HR
VOLUMES 14 201 0 0 319 30 20 0 12 0 0 0 596
APPROACH % 7% 93% 0% 0% 91% 9% 63% 0% 38% 0% 0% 0%
PEAK HR FACTOR 0.867 0.918 0.615 0.000 0.943
APP/DEPART 215 / 221 349 / 331 32 / 0 0 / 44 0


4:00 PM 3 87 103 11 19 4 227
4:15 PM 1 94 101 4 9 4 213
4:30 PM 3 109 98 8 25 5 248
4:45 PM 1 106 89 6 18 3 223
5:00 PM 3 88 82 5 22 5 205
5:15 PM 0 69 73 4 8 3 157
5:30 PM 1 63 77 7 5 3 156
5:45 PM 0 66 70 5 4 2 147


VOLUMES 12 682 0 0 693 50 110 0 29 0 0 0 1,576
APPROACH % 2% 98% 0% 0% 93% 7% 79% 0% 21% 0% 0% 0%
APP/DEPART 694 / 792 743 / 722 139 / 0 0 / 62 0
BEGIN PEAK HR
VOLUMES 8 396 0 0 391 29 71 0 16 0 0 0 911
APPROACH % 2% 98% 0% 0% 93% 7% 82% 0% 18% 0% 0% 0%
PEAK HR FACTOR 0.902 0.921 0.725 0.000 0.918
APP/DEPART 404 / 467 420 / 407 87 / 0 0 / 37 0


MAGNOLIA 
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AIRPORT WEST SIDE EAST SIDE AIRPORT


SOUTH SIDE
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: CUYAMACA LOCATION #: 10


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 CUYAMACA CUYAMACA BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 1 2 0 1 2 0 1 1 0 2 1 1


7:00 AM 1 77 13 25 55 0 4 2 4 7 3 38 229
7:15 AM 5 74 10 20 60 5 3 2 9 15 2 33 238
7:30 AM 8 95 7 18 58 4 5 1 4 13 1 30 244
7:45 AM 12 113 14 23 82 5 7 8 15 16 10 36 341
8:00 AM 24 94 11 26 73 11 13 12 27 14 21 28 354
8:15 AM 14 88 12 20 55 11 8 8 13 15 9 26 279
8:30 AM 4 79 13 21 67 3 3 7 9 14 7 25 252
8:45 AM 9 80 18 10 63 5 6 1 13 22 0 23 250


VOLUMES 77 700 98 163 513 44 49 41 94 116 53 239 2,187
APPROACH % 9% 80% 11% 23% 71% 6% 27% 22% 51% 28% 13% 59%
APP/DEPART 875 / 988 720 / 723 184 / 302 408 / 174 0
BEGIN PEAK HR
VOLUMES 54 374 50 90 277 30 31 35 64 59 47 115 1,226
APPROACH % 11% 78% 10% 23% 70% 8% 24% 27% 49% 27% 21% 52%
PEAK HR FACTOR 0.860 0.902 0.625 0.877 0.866
APP/DEPART 478 / 520 397 / 400 130 / 175 221 / 131 0


4:00 PM 3 79 10 33 150 3 3 2 7 15 3 23 331
4:15 PM 3 95 17 29 129 5 2 3 1 16 2 15 317
4:30 PM 4 82 15 38 166 1 3 1 1 24 5 15 355
4:45 PM 7 81 12 31 148 5 0 1 3 18 15 22 343
5:00 PM 5 86 11 33 170 6 7 3 7 13 5 30 376
5:15 PM 8 87 16 28 118 0 2 3 1 18 2 22 305
5:30 PM 4 79 18 26 117 5 2 1 2 10 8 10 282
5:45 PM 9 67 15 22 128 1 3 2 3 16 7 17 290


VOLUMES 43 656 114 240 1,126 26 22 16 25 130 47 154 2,599
APPROACH % 5% 81% 14% 17% 81% 2% 35% 25% 40% 39% 14% 47%
APP/DEPART 813 / 832 1,392 / 1,281 63 / 370 331 / 116 0
BEGIN PEAK HR
VOLUMES 19 344 55 131 613 17 12 8 12 71 27 82 1,391
APPROACH % 5% 82% 13% 17% 81% 2% 38% 25% 38% 39% 15% 46%
PEAK HR FACTOR 0.909 0.910 0.471 0.818 0.925
APP/DEPART 418 / 438 761 / 696 32 / 194 180 / 63 0


CUYAMACA


NORTH SIDE


BRADLEY WEST SIDE EAST SIDE BRADLEY
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INTERSECTION TURNING MOVEMENT COUNTS
PREPARED BY:  PACIFIC TRAFFIC DATA SERVICES


DATE: LOCATION: EL CAJON PROJECT #: CA11-0527-06
5/26/11 NORTH & SOUTH: MARSHALL LOCATION #: 11


THURSDAY EAST & WEST: BRADLEY CONTROL: SIGNAL


 NOTES: AM ▲
PM N
MD ◄ W E ►


OTHER S
OTHER ▼


NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
 MARSHALL MARSHALL BRADLEY BRADLEY


NL NT NR SL ST SR EL ET ER WL WT WR TOTAL
LANES: 0 1 0 1 1 1 1 2 0 1 2 0


7:00 AM 5 17 9 17 6 4 0 35 6 8 36 40 183
7:15 AM 2 18 4 22 20 1 4 32 2 10 48 38 201
7:30 AM 5 22 5 17 17 1 1 21 8 9 55 33 194
7:45 AM 4 35 15 18 8 2 0 42 4 12 56 53 249
8:00 AM 9 25 7 23 19 3 0 36 2 14 60 39 237
8:15 AM 4 23 7 35 9 0 2 30 4 16 48 53 231
8:30 AM 3 28 11 25 22 2 2 30 2 14 49 32 220
8:45 AM 3 24 8 20 13 2 1 33 3 13 35 39 194


VOLUMES 35 192 66 177 114 15 10 259 31 96 387 327 1,709
APPROACH % 12% 66% 23% 58% 37% 5% 3% 86% 10% 12% 48% 40%
APP/DEPART 293 / 529 306 / 241 300 / 502 810 / 437 0
BEGIN PEAK HR
VOLUMES 20 111 40 101 58 7 4 138 12 56 213 177 937
APPROACH % 12% 65% 23% 61% 35% 4% 3% 90% 8% 13% 48% 40%
PEAK HR FACTOR 0.792 0.847 0.837 0.921 0.941
APP/DEPART 171 / 292 166 / 126 154 / 279 446 / 240 0


4:00 PM 7 28 18 34 35 2 0 47 8 6 29 43 257
4:15 PM 1 33 16 34 24 4 0 49 2 12 27 36 238
4:30 PM 2 25 15 32 33 2 2 51 6 14 39 46 267
4:45 PM 2 18 16 35 22 2 2 51 3 5 43 34 233
5:00 PM 1 20 8 39 33 4 3 56 6 6 36 33 245
5:15 PM 0 25 9 21 18 1 0 52 4 8 34 41 213
5:30 PM 4 19 15 17 17 0 1 44 2 5 28 25 177
5:45 PM 3 16 10 22 15 2 2 41 1 6 34 25 177


VOLUMES 20 184 107 234 197 17 10 391 32 62 270 283 1,807
APPROACH % 6% 59% 34% 52% 44% 4% 2% 90% 7% 10% 44% 46%
APP/DEPART 311 / 477 448 / 291 433 / 732 615 / 307 0
BEGIN PEAK HR
VOLUMES 12 104 65 135 114 10 4 198 19 37 138 159 995
APPROACH % 7% 57% 36% 52% 44% 4% 2% 90% 9% 11% 41% 48%
PEAK HR FACTOR 0.854 0.912 0.936 0.843 0.932
APP/DEPART 181 / 267 259 / 170 221 / 398 334 / 160 0
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Appendix D 
 
Transit Map within Project Vicinity 
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Appendix E 
 
SR-52 from SR-125 to SR-67 Opening Date Documentation 
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Source:  http://www.keepsandiegomoving.com/SR-52-Corridor/SR52-intro.aspx 


 


The SR 52 freeway extension through Santee into East County opened to motorists on March 29, 
2011. A grand opening celebration was held on March 19, 2011. 


This project adds Managed Lanes and extends the freeway to improve traffic flow on SR 52 from 
I-15 east to SR 67. The project has two major components: SR 52 East and SR 52 West. 


Benefits of the completed project include: 


 Reduced congestion on I-8, Mission Gorge Road, Mast Boulevard, and Prospect Avenue  
 Reduced traffic on I-8 by as much as 20%  
 Direct access to job centers from East County communities  
 Flexibilty of reversing traffic with Managed Lanes  
 Improved mobility by increasing roadway capacity  
 Travel time reduced by 10 minutes  


The SR 52 project reduces identified environmental impacts through the preservation of plant 
and animal species. In addition, coordination between the project and the Lakeside River Park 
Conservancy provides for the establishment of a riparian habitat adjacent to the river. The project 
work around bike paths and pedestrian trails that run alongside Forester Creek, offering users a 
safe and scenic tour of the valley. 
 
The SR 52 construction improvements cost approximately $255 million and are funded by state 
(the California voter-approved Prop. 1B Transportation Bond), local (the San Diego region’s 
TransNet half-cent sales tax), and federal sources.  


  
In addition to Managed Lane improvements, Caltrans and SANDAG are preparing for a future 
project to widen the corridor and accommodate further expected growth along SR 52.  
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For the Grand Opening of the 
Completed State Route 52


Saturday, March 19, 2011
9 a.m. to 1 p.m.


Join the Celebration!


FREE community festival ON the freeway in Santee!
(at the Cuyamaca Street exit)


FREE


commemorati
ve


T-shirts


RIbbon cutting • live music • Community festival
Classic & Green Cars • Kettle corn • run/walk/ride


gillespie flyover • fun for kids!


Exclusive Presenting Sponsor


SR 52 project brought to you by


Community event sponsored by


(While supplies last)


 For event times and parking information, 
visit sandag.org/SR52 or call (619) 699-1979
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Appendix F 
 
Existing (Year 2011) LOS & ILV Calculations 
  


Gillespie Field Traffic Impact Study Appendix Page 50 of 296







AM Existing
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 14 212 84 376 83 19 61 2 1
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 29.0 26.0 43.0 35.0 35.0 35.0 35.0 35.0
Total Split (%) 13.3% 32.2% 28.9% 47.8% 38.9% 38.9% 38.9% 38.9% 38.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.4 8.8 8.0 13.5 8.7 8.7 8.7
Actuated g/C Ratio 0.20 0.27 0.25 0.42 0.27 0.27 0.27
v/c Ratio 0.05 0.28 0.23 0.27 0.29 0.15 0.04
Control Delay 15.6 11.6 14.3 7.6 14.4 5.5 8.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.6 11.6 14.3 7.6 14.4 5.5 8.0
LOS B B B A B A A
Approach Delay 11.8 8.9 11.1 8.0
Approach LOS B A B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 32.5
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.29
Intersection Signal Delay: 10.1 Intersection LOS: B
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Existing
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 14 212 42 84 376 2 83 19 61 2 1 13
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.85 0.89
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3452 1583 3537 1790 1417 1646
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.97
Satd. Flow (perm) 1583 3452 1583 3537 1405 1417 1603
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 15 223 44 88 396 2 87 20 64 2 1 14
RTOR Reduction (vph) 0 18 0 0 1 0 0 0 48 0 11 0
Lane Group Flow (vph) 15 249 0 88 397 0 0 107 16 0 6 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.0 10.2 4.3 13.5 8.7 8.7 8.7
Effective Green, g (s) 1.0 10.2 4.3 13.5 8.7 8.7 8.7
Actuated g/C Ratio 0.03 0.29 0.12 0.38 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 45 1000 193 1357 347 350 396
v/s Ratio Prot 0.01 0.07 c0.06 c0.11
v/s Ratio Perm c0.08 0.01 0.00
v/c Ratio 0.33 0.25 0.46 0.29 0.31 0.05 0.02
Uniform Delay, d1 16.8 9.6 14.4 7.5 10.8 10.1 10.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.1 1.7 0.1 0.5 0.1 0.0
Delay (s) 21.1 9.7 16.1 7.7 11.3 10.1 10.0
Level of Service C A B A B B B
Approach Delay (s) 10.3 9.2 10.9 10.0
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 9.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 35.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 218 67 412 50 9 68 6 2
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 32.0 26.0 46.0 32.0 32.0 32.0 32.0 32.0
Total Split (%) 13.3% 35.6% 28.9% 51.1% 35.6% 35.6% 35.6% 35.6% 35.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.0 8.7 7.5 11.1 7.4 7.4 7.4
Actuated g/C Ratio 0.21 0.31 0.26 0.39 0.26 0.26 0.26
v/c Ratio 0.00 0.27 0.17 0.33 0.17 0.17 0.02
Control Delay 14.0 8.9 12.0 7.3 12.4 5.6 11.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 14.0 8.9 12.0 7.3 12.4 5.6 11.2
LOS B A B A B A B
Approach Delay 8.9 7.9 8.7 11.2
Approach LOS A A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 28.5
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.33
Intersection Signal Delay: 8.4 Intersection LOS: A
Intersection Capacity Utilization 30.7% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Existing
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 218 64 67 412 14 50 9 68 6 2 1
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 0.85 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.97
Satd. Flow (prot) 1583 3419 1583 3521 1786 1417 1776
Flt Permitted 0.95 1.00 0.95 1.00 0.76 1.00 0.84
Satd. Flow (perm) 1583 3419 1583 3521 1421 1417 1543
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 229 67 71 434 15 53 9 72 6 2 1
RTOR Reduction (vph) 0 31 0 0 3 0 0 0 55 0 1 0
Lane Group Flow (vph) 1 265 0 71 446 0 0 62 17 0 8 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 9.4 2.5 11.1 7.4 7.4 7.4
Effective Green, g (s) 0.8 9.4 2.5 11.1 7.4 7.4 7.4
Actuated g/C Ratio 0.03 0.30 0.08 0.35 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 40 1027 126 1249 336 335 365
v/s Ratio Prot 0.00 0.08 c0.04 c0.13
v/s Ratio Perm c0.04 0.01 0.01
v/c Ratio 0.02 0.26 0.56 0.36 0.18 0.05 0.02
Uniform Delay, d1 14.9 8.3 13.9 7.5 9.5 9.2 9.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.1 5.7 0.2 0.3 0.1 0.0
Delay (s) 15.1 8.4 19.5 7.6 9.8 9.3 9.2
Level of Service B A B A A A A
Approach Delay (s) 8.5 9.3 9.5 9.2
Approach LOS A A A A


Intersection Summary
HCM Average Control Delay 9.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.28
Actuated Cycle Length (s) 31.3 Sum of lost time (s) 8.0
Intersection Capacity Utilization 30.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 31 251 474 22 12 28
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 33 264 499 23 13 29
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 522 708 261
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 522 708 261
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 96 96
cM capacity (veh/h) 1040 358 738


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 33 132 132 333 189 42
Volume Left 33 0 0 0 0 13
Volume Right 0 0 0 0 23 29
cSH 1040 1700 1700 1700 1700 559
Volume to Capacity 0.03 0.08 0.08 0.20 0.11 0.08
Queue Length 95th (ft) 2 0 0 0 0 6
Control Delay (s) 8.6 0.0 0.0 0.0 0.0 12.0
Lane LOS A B
Approach Delay (s) 0.9 0.0 12.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 30.5% ICU Level of Service A
Analysis Period (min) 15


AM Existing
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 70 174 40 139 365 198 33 95 191 162 123
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 9.0 29.0 29.0 20.0 40.0 40.0 8.0 29.0 12.0 33.0 33.0
Total Split (%) 10.0% 32.2% 32.2% 22.2% 44.4% 44.4% 8.9% 32.2% 13.3% 36.7% 36.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 5.1 25.8 25.8 16.5 34.5 34.5 4.0 19.4 8.7 27.7 27.7
Actuated g/C Ratio 0.06 0.31 0.31 0.20 0.41 0.41 0.05 0.23 0.10 0.33 0.33
v/c Ratio 0.78 0.17 0.09 0.47 0.26 0.29 0.46 0.43 0.63 0.28 0.23
Control Delay 90.2 25.2 8.6 28.3 11.4 3.2 62.2 23.2 48.1 23.5 5.5
Queue Delay 0.0 0.0 0.0 1.3 0.6 0.8 0.0 0.0 0.0 0.0 0.0
Total Delay 90.2 25.2 8.6 29.6 12.0 4.0 62.2 23.2 48.1 23.5 5.5
LOS F C A C B A E C D C A
Approach Delay 39.0 13.2 29.3 28.7
Approach LOS D B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 83.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.90
Intersection Signal Delay: 24.0 Intersection LOS: C
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Existing
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 174 40 139 365 198 33 95 85 191 162 123
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1731 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1731 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 183 42 146 384 208 35 100 89 201 171 129
RTOR Reduction (vph) 0 0 29 0 0 125 0 38 0 0 0 88
Lane Group Flow (vph) 74 183 13 146 384 83 35 151 0 201 171 41
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.1 25.8 25.8 14.8 34.5 34.5 2.2 19.4 10.5 27.7 27.7
Effective Green, g (s) 6.1 25.8 25.8 14.8 34.5 34.5 2.2 19.4 10.5 27.7 27.7
Actuated g/C Ratio 0.07 0.30 0.30 0.17 0.40 0.40 0.03 0.22 0.12 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 112 1056 423 271 1412 565 40 388 373 597 454
v/s Ratio Prot 0.05 0.05 c0.09 c0.11 c0.02 c0.09 c0.07 0.09
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 0.66 0.17 0.03 0.54 0.27 0.15 0.88 0.39 0.54 0.29 0.09
Uniform Delay, d1 39.2 22.5 21.5 32.7 17.5 16.6 42.0 28.5 35.7 22.0 20.6
Progression Factor 1.00 1.00 1.00 0.81 0.65 0.92 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 13.7 0.1 0.0 1.1 0.1 0.1 93.6 0.6 1.5 0.3 0.1
Delay (s) 52.9 22.5 21.5 27.5 11.4 15.3 135.6 29.2 37.2 22.3 20.7
Level of Service D C C C B B F C D C C
Approach Delay (s) 29.9 15.7 45.8 27.9
Approach LOS C B D C


Intersection Summary
HCM Average Control Delay 25.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 86.5 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


AM Existing
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 209 238 428 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 29.0 29.0 40.0 33.0 12.0 29.0 20.0 8.0 9.0
Total Split (%) 32.2% 32.2% 44.4% 36.7% 13% 32% 22% 9% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 25.8 25.8 34.5 27.7
Actuated g/C Ratio 0.31 0.31 0.41 0.33
v/c Ratio 0.38 0.41 0.87 0.84
Control Delay 12.9 5.5 32.6 43.4
Queue Delay 0.4 0.5 0.0 0.0
Total Delay 13.4 6.0 32.6 43.4
LOS B A C D
Approach Delay 9.4 32.6 43.4
Approach LOS A C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 83.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.90
Intersection Signal Delay: 28.9 Intersection LOS: C
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Existing
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 209 238 198 428 0 0 0 0 106 0 332
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.90
Flt Protected 1.00 1.00 0.98 0.99
Satd. Flow (prot) 1863 1417 1834 1652
Flt Permitted 1.00 1.00 0.98 0.99
Satd. Flow (perm) 1863 1417 1834 1652
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 220 251 208 451 0 0 0 0 112 0 349
RTOR Reduction (vph) 0 0 176 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 220 75 0 659 0 0 0 0 0 461 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 25.8 25.8 34.5 27.7
Effective Green, g (s) 25.8 25.8 34.5 27.7
Actuated g/C Ratio 0.30 0.30 0.40 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 556 423 731 529
v/s Ratio Prot 0.12 c0.36
v/s Ratio Perm 0.05 0.28
v/c Ratio 0.40 0.18 0.90 0.87
Uniform Delay, d1 24.1 22.5 24.4 27.7
Progression Factor 0.41 0.94 0.92 1.00
Incremental Delay, d2 0.4 0.2 10.1 14.6
Delay (s) 10.4 21.2 32.6 42.3
Level of Service B C C D
Approach Delay (s) 16.2 32.6 0.0 42.3
Approach LOS B C A D


Intersection Summary
HCM Average Control Delay 30.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 86.5 Sum of lost time (s) 24.3
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 163 403 1 231
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 29.0 40.0 29.0 29.0 12.0 20.0 8.0 33.0 9.0
Total Split (%) 32.2% 44.4% 32.2% 32.2% 13% 22% 9% 37% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 25.8 34.5 19.4 19.4
Actuated g/C Ratio 0.31 0.41 0.23 0.23
v/c Ratio 0.52 0.90 0.71 0.74
Control Delay 20.6 40.4 39.6 44.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 20.6 40.4 39.6 44.3
LOS C D D D
Approach Delay 20.6 40.4 41.8
Approach LOS C D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 83.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.90
Intersection Signal Delay: 37.0 Intersection LOS: D
Intersection Capacity Utilization 77.8% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 113 163 0 0 403 241 275 1 231 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1825 1769 1774 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1825 1769 1774 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 119 172 0 0 424 254 289 1 243 0 0 0
RTOR Reduction (vph) 0 0 0 0 24 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 291 0 0 654 0 0 290 243 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 25.8 34.5 19.4 19.4
Effective Green, g (s) 25.8 34.5 19.4 19.4
Actuated g/C Ratio 0.30 0.40 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 544 706 398 318
v/s Ratio Prot 0.16 c0.37 0.16 c0.17
v/s Ratio Perm
v/c Ratio 0.53 0.93 0.73 0.76
Uniform Delay, d1 25.3 24.8 31.1 31.4
Progression Factor 0.63 1.00 1.00 1.00
Incremental Delay, d2 0.9 18.1 6.5 10.4
Delay (s) 16.8 42.9 37.7 41.8
Level of Service B D D D
Approach Delay (s) 16.8 42.9 39.6 0.0
Approach LOS B D D A


Intersection Summary
HCM Average Control Delay 36.6 HCM Level of Service D
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 86.5 Sum of lost time (s) 32.6
Intersection Capacity Utilization 77.8% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 25 1 2 32 3 17
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 26 1 2 34 3 18
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 36 73 19
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 36 73 19
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 98
cM capacity (veh/h) 1575 916 1059


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 27 36 21
Volume Left 26 0 3
Volume Right 0 34 18
cSH 1575 1700 1035
Volume to Capacity 0.02 0.02 0.02
Queue Length 95th (ft) 1 0 2
Control Delay (s) 7.0 0.0 8.6
Lane LOS A A
Approach Delay (s) 7.0 0.0 8.6
Approach LOS A


Intersection Summary
Average Delay 4.4
Intersection Capacity Utilization 18.2% ICU Level of Service A
Analysis Period (min) 15


Gillespie Field Traffic Impact Study Appendix Page 56 of 296







AM Existing
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 9 4 10 35 2 22
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 9 4 11 37 2 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 14 69 12
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 14 69 12
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 98
cM capacity (veh/h) 1605 929 1069


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 14 47 25
Volume Left 0 11 2
Volume Right 4 0 23
cSH 1700 1605 1056
Volume to Capacity 0.01 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 1.7 8.5
Lane LOS A A
Approach Delay (s) 0.0 1.7 8.5
Approach LOS A


Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 19.1% ICU Level of Service A
Analysis Period (min) 15


AM Existing
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 12 14 201 319 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 13 15 212 336 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 593 352 367
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 593 352 367
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 95 98 99
cM capacity (veh/h) 463 692 1191


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 34 226 367
Volume Left 21 15 0
Volume Right 13 0 32
cSH 528 1191 1700
Volume to Capacity 0.06 0.01 0.22
Queue Length 95th (ft) 5 1 0
Control Delay (s) 12.3 0.6 0.0
Lane LOS B A
Approach Delay (s) 12.3 0.6 0.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 32.1% ICU Level of Service A
Analysis Period (min) 15
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AM Existing
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 31 35 59 47 115 54 374 90 277
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 21.0 21.0 21.0 21.0 19.0 14.0 29.0 19.0 34.0
Total Split (%) 23.3% 23.3% 23.3% 23.3% 21.1% 15.6% 32.2% 21.1% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.4 9.4 9.6 9.6 18.9 10.0 17.9 11.2 21.0
Actuated g/C Ratio 0.21 0.21 0.21 0.21 0.42 0.22 0.40 0.25 0.47
v/c Ratio 0.10 0.14 0.09 0.12 0.18 0.16 0.32 0.24 0.20
Control Delay 23.4 11.8 22.2 23.0 3.7 23.0 16.6 22.2 13.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.4 11.8 22.2 23.0 3.7 23.0 16.6 22.2 13.5
LOS C B C C A C B C B
Approach Delay 14.6 12.7 17.3 15.5
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 45.1
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.32
Intersection Signal Delay: 15.6 Intersection LOS: B
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Existing
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 31 35 64 59 47 115 54 374 50 90 277 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3197 3072 1863 1417 1583 3476 1583 3487
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3197 3072 1863 1417 1583 3476 1583 3487
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 33 37 67 62 49 121 57 394 53 95 292 32
RTOR Reduction (vph) 0 60 0 0 0 92 0 11 0 0 9 0
Lane Group Flow (vph) 33 44 0 62 49 29 57 436 0 95 315 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 4.8 4.8 5.0 5.0 11.4 4.1 15.4 6.4 17.7
Effective Green, g (s) 4.8 4.8 5.0 5.0 11.4 4.1 15.4 6.4 17.7
Actuated g/C Ratio 0.10 0.10 0.11 0.11 0.24 0.09 0.32 0.13 0.37
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 160 322 323 196 458 136 1125 213 1297
v/s Ratio Prot c0.02 0.01 0.02 c0.03 0.01 0.04 c0.13 c0.06 0.09
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.14 0.19 0.25 0.06 0.42 0.39 0.45 0.24
Uniform Delay, d1 19.7 19.5 19.5 19.6 14.0 20.6 12.5 19.0 10.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.2 0.3 0.7 0.1 2.1 0.2 1.5 0.1
Delay (s) 20.3 19.7 19.7 20.2 14.0 22.7 12.7 20.5 10.4
Level of Service C B B C B C B C B
Approach Delay (s) 19.8 16.9 13.8 12.7
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 14.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.34
Actuated Cycle Length (s) 47.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 138 56 213 111 101 58 7
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 22.0 14.0 28.0 30.0 24.0 24.0 24.0
Total Split (%) 8.9% 24.4% 15.6% 31.1% 33.3% 26.7% 26.7% 26.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 6.0 10.5 9.9 15.2 12.6 11.4 11.4 11.4
Actuated g/C Ratio 0.14 0.24 0.23 0.35 0.29 0.26 0.26 0.26
v/c Ratio 0.02 0.19 0.16 0.32 0.34 0.26 0.12 0.02
Control Delay 26.8 20.2 22.9 8.9 18.9 21.7 20.2 12.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.8 20.2 22.9 8.9 18.9 21.7 20.2 12.9
LOS C C C A B C C B
Approach Delay 20.4 10.6 18.9 20.8
Approach LOS C B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.4
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.34
Intersection Signal Delay: 15.5 Intersection LOS: B
Intersection Capacity Utilization 43.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Existing
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 138 12 56 213 177 20 111 40 101 58 7
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3496 1583 3298 1794 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3496 1583 3298 1794 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 145 13 59 224 186 21 117 42 106 61 7
RTOR Reduction (vph) 0 7 0 0 125 0 0 14 0 0 0 6
Lane Group Flow (vph) 4 151 0 59 285 0 0 166 0 106 61 1
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 11.7 4.0 15.2 7.8 6.8 6.8 6.8
Effective Green, g (s) 0.5 11.7 4.0 15.2 7.8 6.8 6.8 6.8
Actuated g/C Ratio 0.01 0.25 0.09 0.33 0.17 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 17 883 137 1083 302 232 274 208
v/s Ratio Prot 0.00 0.04 c0.04 c0.09 c0.09 c0.07 0.03
v/s Ratio Perm 0.00
v/c Ratio 0.24 0.17 0.43 0.26 0.55 0.46 0.22 0.00
Uniform Delay, d1 22.7 13.5 20.1 11.4 17.6 18.1 17.4 16.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.0 0.1 2.2 0.1 2.0 1.4 0.4 0.0
Delay (s) 29.7 13.6 22.2 11.6 19.7 19.5 17.8 16.9
Level of Service C B C B B B B B
Approach Delay (s) 14.0 12.9 19.7 18.8
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 46.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 43.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 5 312 69 218 93 17 125 5 19
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 34.0 22.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 37.8% 24.4% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.3 10.4 7.9 15.1 9.3 9.3 9.3
Actuated g/C Ratio 0.18 0.30 0.23 0.43 0.27 0.27 0.27
v/c Ratio 0.02 0.41 0.20 0.15 0.32 0.28 0.09
Control Delay 17.6 11.6 16.1 7.0 15.8 5.4 10.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 17.6 11.6 16.1 7.0 15.8 5.4 10.2
LOS B B B A B A B
Approach Delay 11.7 9.1 10.3 10.2
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 34.8
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.41
Intersection Signal Delay: 10.5 Intersection LOS: B
Intersection Capacity Utilization 38.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Existing
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 312 102 69 218 4 93 17 125 5 19 16
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3409 1583 3530 1787 1417 1751
Flt Permitted 0.95 1.00 0.95 1.00 0.73 1.00 0.97
Satd. Flow (perm) 1583 3409 1583 3530 1359 1417 1700
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 328 107 73 229 4 98 18 132 5 20 17
RTOR Reduction (vph) 0 36 0 0 1 0 0 0 99 0 13 0
Lane Group Flow (vph) 5 399 0 73 232 0 0 116 33 0 29 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.9 11.8 4.2 15.1 9.3 9.3 9.3
Effective Green, g (s) 0.9 11.8 4.2 15.1 9.3 9.3 9.3
Actuated g/C Ratio 0.02 0.32 0.11 0.40 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 38 1078 178 1429 339 353 424
v/s Ratio Prot 0.00 c0.12 c0.05 c0.07
v/s Ratio Perm c0.09 0.02 0.02
v/c Ratio 0.13 0.37 0.41 0.16 0.34 0.09 0.07
Uniform Delay, d1 17.8 9.9 15.4 7.1 11.5 10.8 10.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.2 1.5 0.1 0.6 0.1 0.1
Delay (s) 19.4 10.1 16.9 7.1 12.1 10.9 10.8
Level of Service B B B A B B B
Approach Delay (s) 10.2 9.5 11.4 10.8
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 37.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 38.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 368 62 236 75 8 117 17 8
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 35.0 21.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 38.9% 23.3% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.2 10.7 7.7 13.1 8.4 8.4 8.4
Actuated g/C Ratio 0.20 0.34 0.24 0.41 0.26 0.26 0.26
v/c Ratio 0.00 0.38 0.17 0.18 0.24 0.26 0.07
Control Delay 17.0 10.3 14.4 6.6 14.3 5.6 12.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 17.0 10.3 14.4 6.6 14.3 5.6 12.5
LOS B B B A B A B
Approach Delay 10.3 8.1 9.2 12.5
Approach LOS B A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 31.7
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.38
Intersection Signal Delay: 9.4 Intersection LOS: A
Intersection Capacity Utilization 33.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Existing
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 368 56 62 236 12 75 8 117 17 8 2
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 0.85 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.97
Satd. Flow (prot) 1583 3469 1583 3513 1782 1417 1787
Flt Permitted 0.95 1.00 0.95 1.00 0.73 1.00 0.82
Satd. Flow (perm) 1583 3469 1583 3513 1357 1417 1516
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 387 59 65 248 13 79 8 123 18 8 2
RTOR Reduction (vph) 0 13 0 0 5 0 0 0 93 0 2 0
Lane Group Flow (vph) 1 433 0 65 256 0 0 87 30 0 26 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 11.4 2.5 13.1 8.4 8.4 8.4
Effective Green, g (s) 0.8 11.4 2.5 13.1 8.4 8.4 8.4
Actuated g/C Ratio 0.02 0.33 0.07 0.38 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 37 1153 115 1342 332 347 371
v/s Ratio Prot 0.00 c0.12 c0.04 0.07
v/s Ratio Perm c0.06 0.02 0.02
v/c Ratio 0.03 0.38 0.57 0.19 0.26 0.09 0.07
Uniform Delay, d1 16.4 8.7 15.4 7.1 10.4 10.0 10.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.2 6.2 0.1 0.4 0.1 0.1
Delay (s) 16.7 8.9 21.6 7.1 10.9 10.1 10.0
Level of Service B A C A B B B
Approach Delay (s) 9.0 10.0 10.4 10.0
Approach LOS A B B B


Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 34.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 33.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 64 473 281 8 15 36
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 67 498 296 8 16 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 304 684 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 304 684 152
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 95 96 96
cM capacity (veh/h) 1253 362 867


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 67 249 249 197 107 54
Volume Left 67 0 0 0 0 16
Volume Right 0 0 0 0 8 38
cSH 1253 1700 1700 1700 1700 615
Volume to Capacity 0.05 0.15 0.15 0.12 0.06 0.09
Queue Length 95th (ft) 4 0 0 0 0 7
Control Delay (s) 8.0 0.0 0.0 0.0 0.0 11.4
Lane LOS A B
Approach Delay (s) 1.0 0.0 11.4
Approach LOS B


Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 25.4% ICU Level of Service A
Analysis Period (min) 15


PM Existing
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 99 335 45 173 190 219 29 173 253 233 96
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 10.0 31.0 31.0 14.0 35.0 35.0 8.0 33.0 12.0 37.0 37.0
Total Split (%) 11.1% 34.4% 34.4% 15.6% 38.9% 38.9% 8.9% 36.7% 13.3% 41.1% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 6.0 27.0 27.0 10.0 31.0 31.0 4.0 29.0 8.0 36.2 36.2
Actuated g/C Ratio 0.07 0.30 0.30 0.11 0.34 0.34 0.04 0.32 0.09 0.40 0.40
v/c Ratio 0.98 0.33 0.10 1.03 0.16 0.36 0.44 0.54 0.97 0.33 0.16
Control Delay 128.1 25.6 7.8 94.0 14.1 3.0 62.1 25.4 91.4 21.1 4.8
Queue Delay 0.0 0.1 0.0 0.0 0.0 1.2 0.0 0.0 12.3 0.0 0.0
Total Delay 128.1 25.6 7.8 94.0 14.1 4.2 62.1 25.4 103.7 21.1 4.8
LOS F C A F B A E C F C A
Approach Delay 45.1 34.1 28.7 54.3
Approach LOS D C C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.04
Intersection Signal Delay: 41.8 Intersection LOS: D
Intersection Capacity Utilization 58.6% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Existing
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 99 335 45 173 190 219 29 173 133 253 233 96
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1741 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1741 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 104 353 47 182 200 231 31 182 140 266 245 101
RTOR Reduction (vph) 0 0 33 0 0 153 0 31 0 0 0 61
Lane Group Flow (vph) 104 353 14 182 200 78 31 291 0 266 245 40
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 29.0 9.6 36.2 36.2
Effective Green, g (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 29.0 9.6 36.2 36.2
Actuated g/C Ratio 0.07 0.29 0.29 0.11 0.34 0.34 0.03 0.32 0.10 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 104 1043 418 173 1198 480 41 551 322 736 560
v/s Ratio Prot 0.07 c0.10 c0.11 0.06 0.02 c0.17 c0.09 0.13
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 1.00 0.34 0.03 1.05 0.17 0.16 0.76 0.53 0.83 0.33 0.07
Uniform Delay, d1 42.8 25.3 23.0 40.8 21.2 21.2 44.3 25.7 40.2 19.3 17.2
Progression Factor 1.00 1.00 1.00 0.79 0.67 0.69 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 88.3 0.2 0.0 64.2 0.0 0.1 55.2 0.9 15.7 0.3 0.1
Delay (s) 131.1 25.5 23.0 96.4 14.3 14.8 99.5 26.6 55.9 19.6 17.3
Level of Service F C C F B B F C E B B
Approach Delay (s) 47.0 38.9 33.0 35.0
Approach LOS D D C C


Intersection Summary
HCM Average Control Delay 38.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 58.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


PM Existing
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 339 422 343 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 31.0 31.0 35.0 37.0 12.0 33.0 14.0 8.0 10.0
Total Split (%) 34.4% 34.4% 38.9% 41.1% 13% 37% 16% 9% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.30 0.30 0.34 0.40
v/c Ratio 0.64 0.60 0.96 0.68
Control Delay 18.1 6.7 49.9 29.4
Queue Delay 4.5 1.0 0.0 0.0
Total Delay 22.6 7.7 49.9 29.4
LOS C A D C
Approach Delay 14.3 49.9 29.4
Approach LOS B D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.04
Intersection Signal Delay: 29.5 Intersection LOS: C
Intersection Capacity Utilization 95.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 339 422 228 343 0 0 0 0 211 0 228
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.93
Flt Protected 1.00 1.00 0.98 0.98
Satd. Flow (prot) 1863 1417 1826 1691
Flt Permitted 1.00 1.00 0.98 0.98
Satd. Flow (perm) 1863 1417 1826 1691
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 357 444 240 361 0 0 0 0 222 0 240
RTOR Reduction (vph) 0 0 313 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 357 131 0 601 0 0 0 0 0 462 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 27.0 27.0 31.0 36.2
Effective Green, g (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.29 0.29 0.34 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 549 418 618 668
v/s Ratio Prot 0.19 c0.33
v/s Ratio Perm 0.09 0.27
v/c Ratio 0.65 0.31 0.97 0.69
Uniform Delay, d1 28.2 25.1 29.9 23.1
Progression Factor 0.48 1.30 0.93 1.00
Incremental Delay, d2 2.3 0.4 23.8 3.1
Delay (s) 16.0 33.0 51.5 26.2
Level of Service B C D C
Approach Delay (s) 25.4 51.5 0.0 26.2
Approach LOS C D A C


Intersection Summary
HCM Average Control Delay 34.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 28.4
Intersection Capacity Utilization 95.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 378 365 3 451
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 31.0 35.0 33.0 33.0 12.0 14.0 8.0 37.0 10.0
Total Split (%) 34.4% 38.9% 36.7% 36.7% 13% 16% 9% 41% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 27.0 31.0 29.0 29.0
Actuated g/C Ratio 0.30 0.34 0.32 0.32
v/c Ratio 1.04 0.87 0.39 1.04
Control Delay 66.9 42.3 26.2 84.9
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 66.9 42.3 26.2 84.9
LOS E D C F
Approach Delay 66.9 42.3 66.0
Approach LOS E D E


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.04
Intersection Signal Delay: 59.2 Intersection LOS: E
Intersection Capacity Utilization 80.9% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 166 378 0 0 365 156 211 3 451 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1835 1787 1775 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1835 1787 1775 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 175 398 0 0 384 164 222 3 475 0 0 0
RTOR Reduction (vph) 0 0 0 0 17 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 573 0 0 531 0 0 225 475 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 27.0 31.0 29.0 29.0
Effective Green, g (s) 27.0 31.0 29.0 29.0
Actuated g/C Ratio 0.29 0.34 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 605 562 449
v/s Ratio Prot c0.31 0.30 0.13 c0.34
v/s Ratio Perm
v/c Ratio 1.06 0.88 0.40 1.06
Uniform Delay, d1 32.3 28.5 24.5 31.3
Progression Factor 0.62 1.00 1.00 1.00
Incremental Delay, d2 50.3 13.5 0.5 58.6
Delay (s) 70.2 42.0 25.0 89.9
Level of Service E D C F
Approach Delay (s) 70.2 42.0 69.0 0.0
Approach LOS E D E A


Intersection Summary
HCM Average Control Delay 61.3 HCM Level of Service E
HCM Volume to Capacity ratio 1.06
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 35.6
Intersection Capacity Utilization 80.9% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 16 1 2 26 39 29
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 17 1 2 27 41 31
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 29 51 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 29 51 16
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 96 97
cM capacity (veh/h) 1584 948 1063


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 18 29 72
Volume Left 17 0 41
Volume Right 0 27 31
cSH 1584 1700 994
Volume to Capacity 0.01 0.02 0.07
Queue Length 95th (ft) 1 0 6
Control Delay (s) 6.9 0.0 8.9
Lane LOS A A
Approach Delay (s) 6.9 0.0 8.9
Approach LOS A


Intersection Summary
Average Delay 6.4
Intersection Capacity Utilization 18.7% ICU Level of Service A
Analysis Period (min) 15
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8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 45 11 13 21 7 48
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 47 12 14 22 7 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 59 103 53
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 59 103 53
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 95
cM capacity (veh/h) 1545 888 1014


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 59 36 58
Volume Left 0 14 7
Volume Right 12 0 51
cSH 1700 1545 996
Volume to Capacity 0.03 0.01 0.06
Queue Length 95th (ft) 0 1 5
Control Delay (s) 0.0 2.9 8.8
Lane LOS A A
Approach Delay (s) 0.0 2.9 8.8
Approach LOS A


Intersection Summary
Average Delay 4.0
Intersection Capacity Utilization 18.9% ICU Level of Service A
Analysis Period (min) 15


PM Existing
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 71 16 8 396 391 29
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 75 17 8 417 412 31
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 861 427 442
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 861 427 442
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 77 97 99
cM capacity (veh/h) 324 628 1118


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 92 425 442
Volume Left 75 8 0
Volume Right 17 0 31
cSH 355 1118 1700
Volume to Capacity 0.26 0.01 0.26
Queue Length 95th (ft) 25 1 0
Control Delay (s) 18.6 0.2 0.0
Lane LOS C A
Approach Delay (s) 18.6 0.2 0.0
Approach LOS C


Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15
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PM Existing
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 12 8 71 27 82 19 344 131 613
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 22.0 11.0 28.0 22.0 39.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 24.4% 12.2% 31.1% 24.4% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.6 8.6 9.3 9.3 17.4 8.7 16.8 12.2 27.7
Actuated g/C Ratio 0.22 0.22 0.24 0.24 0.45 0.22 0.43 0.31 0.71
v/c Ratio 0.04 0.03 0.10 0.06 0.13 0.06 0.28 0.28 0.26
Control Delay 23.2 16.2 20.6 21.9 3.5 23.3 14.0 18.8 7.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.2 16.2 20.6 21.9 3.5 23.3 14.0 18.8 7.2
LOS C B C C A C B B A
Approach Delay 18.9 13.1 14.4 9.2
Approach LOS B B B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 38.9
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.28
Intersection Signal Delay: 11.5 Intersection LOS: B
Intersection Capacity Utilization 39.7% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Existing
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 8 12 71 27 82 19 344 55 131 613 17
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3211 3072 1863 1417 1583 3466 1583 3525
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3211 3072 1863 1417 1583 3466 1583 3525
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 13 8 13 75 28 86 20 362 58 138 645 18
RTOR Reduction (vph) 0 12 0 0 0 65 0 12 0 0 2 0
Lane Group Flow (vph) 13 9 0 75 28 21 20 408 0 138 661 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 1.8 1.8 3.4 3.4 11.3 0.9 16.5 7.9 23.5
Effective Green, g (s) 1.8 1.8 3.4 3.4 11.3 0.9 16.5 7.9 23.5
Actuated g/C Ratio 0.04 0.04 0.07 0.07 0.25 0.02 0.36 0.17 0.52
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 127 229 139 475 31 1254 274 1817
v/s Ratio Prot c0.01 0.00 c0.02 0.02 0.01 0.01 0.12 c0.09 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.07 0.33 0.20 0.04 0.65 0.33 0.50 0.36
Uniform Delay, d1 21.2 21.1 20.0 19.8 13.0 22.2 10.5 17.1 6.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.7 0.2 0.8 0.7 0.0 37.9 0.2 1.5 0.1
Delay (s) 22.9 21.3 20.9 20.5 13.1 60.1 10.7 18.5 6.7
Level of Service C C C C B E B B A
Approach Delay (s) 21.9 17.3 12.9 8.8
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 11.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 45.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 39.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 198 37 138 104 135 114 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 9.0 22.0 13.0 26.0 30.0 25.0 25.0 25.0
Total Split (%) 10.0% 24.4% 14.4% 28.9% 33.3% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 7.5 11.5 9.4 13.7 12.8 12.8 12.8 12.8
Actuated g/C Ratio 0.17 0.26 0.22 0.31 0.29 0.29 0.29 0.29
v/c Ratio 0.01 0.25 0.11 0.27 0.35 0.30 0.22 0.03
Control Delay 27.5 19.5 24.4 8.9 18.0 21.0 19.6 11.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.5 19.5 24.4 8.9 18.0 21.0 19.6 11.6
LOS C B C A B C B B
Approach Delay 19.6 10.6 18.1 20.0
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.5
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.35
Intersection Signal Delay: 16.4 Intersection LOS: B
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Existing
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 198 19 37 138 159 12 104 65 135 114 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.92 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3493 1583 3255 1767 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3493 1583 3255 1767 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 208 20 39 145 167 13 109 68 142 120 11
RTOR Reduction (vph) 0 7 0 0 118 0 0 26 0 0 0 9
Lane Group Flow (vph) 4 221 0 39 194 0 0 164 0 142 120 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.6 12.0 2.3 13.7 8.0 8.0 8.0 8.0
Effective Green, g (s) 0.6 12.0 2.3 13.7 8.0 8.0 8.0 8.0
Actuated g/C Ratio 0.01 0.26 0.05 0.30 0.17 0.17 0.17 0.17
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 21 905 79 963 305 274 322 245
v/s Ratio Prot 0.00 c0.06 c0.02 0.06 c0.09 c0.09 0.06
v/s Ratio Perm 0.00
v/c Ratio 0.19 0.24 0.49 0.20 0.54 0.52 0.37 0.01
Uniform Delay, d1 22.6 13.6 21.4 12.2 17.5 17.4 16.9 15.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.4 0.1 4.8 0.1 1.8 1.7 0.7 0.0
Delay (s) 27.0 13.7 26.2 12.3 19.3 19.1 17.7 15.9
Level of Service C B C B B B B B
Approach Delay (s) 13.9 13.9 19.3 18.3
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 16.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 46.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing
DIAGRAM AND TRAFFIC FLOWS:


332 0 106
(228) () (211)


113 (166) 241 (156)
209 (339) 428 (343) 163 (378) 403 (365)
238 (422) 198 (228)


275 1 231
(211) (3) (451)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 438
Intersection #5 Intersection #6 (439)


209 (339) Intersection #6
276 (544) 626 (571) 644 (521)


238 (422)
Intersection #5


276 231
(214) (451)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


276 (544) 644 (571) 438 (451)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1358 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1566) (PM) At Capacity X - > 1,200 but < 1,500 ILV/HR.
- X > 1,500 ILV/HR (CAPACITY)


Signalized Intersection
CAPACITY ANALYSIS


5
6


Signal


Signal RTOL


65


N


Bradley Ave
Bradley Ave


SR-67 SB Ramp


SR-67 NB Ramp
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Appendix G 
 
CALTRANS ILV Application Criteria 
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GUIDE FOR THE PREPARATION


OF


TRAFFIC IMPACT STUDIES


STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION


December 2002
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5


D. Travel Forecasting (Transportation Modeling)
The local or regional traffic model should reflect the most current land use and planned
improvements (i.e., where programming or funding is secured).  When a general plan build-
out model is not available, the closest forecast model year to build-out should be used.  If a
traffic model is not available, historical growth rates and current trends can be used to
project future traffic volumes.  The TIS should clearly describe any changes made in the
model to accommodate the analysis of a proposed project.


V. TRAFFIC IMPACT ANALYSIS METHODOLOGIES
Typically, the traffic analysis methodologies for the facility types indicated below are used by
Caltrans and will be accepted without prior consultation. When a State highway has saturated
flows, the use of a micro-simulation model is encouraged for the analysis (please note however,
the micro-simulation model must be calibrated and validated for reliable results).  Other analysis
methods may be accepted, however, consultation between the lead agency, Caltrans and those
preparing the TIS is recommended to agree on the data necessary for the analysis.
A. Freeway Segments – Highway Capacity Manual (HCM)*, operational analysis
B. Weaving Areas – Caltrans Highway Design Manual (HDM)
C. Ramps and Ramp Junctions – HCM*, operational analysis or Caltrans HDM, Caltrans Ramp


Metering Guidelines (most recent edition)
D. Multi-Lane Highways – HCM*, operational analysis
E. Two-lane Highways – HCM*, operational analysis
F.  Signalized Intersections8 – HCM*, Highway Capacity Software**, operational analysis,


TRAFFIXTM**, Synchro**, see footnote 8
G. Unsignalized Intersections – HCM*, operational analysis, Caltrans Traffic Manual for signal


warrants if a signal is being considered
H. Transit – HCM*, operational analysis
I. Pedestrians – HCM*
J. Bicycles – HCM*
K. Caltrans Criteria/Warrants – Caltrans Traffic Manual (stop signs, traffic signals, freeway


lighting, conventional highway lighting, school crossings)
L. Channelization – Caltrans guidelines for Reconstruction of Intersections, August 1985,


Ichiro Fukutome
*The most current edition of the Highway Capacity Manual, Transportation Research Board,
National Research Council, should be used.
**NOTE:  Caltrans does not officially advocate the use of any special software.  However,
consistency with the HCM is advocated in most but not all cases.  The Caltrans local
development review units utilize the software mentioned above.  If different software or
analytical techniques are used for the TIS then consultation between the lead agency, Caltrans
and those preparing the TIS is recommended.  Results that are significantly different than those
produced with the analytical techniques above should be challenged.


                                                          
8 The procedures in the Highway Capacity Manual "do not explicitly address operations of closely spaced signalized
intersections.  Under such conditions, several unique characteristics must be considered, including spill-back potential
from the downstream intersection to the upstream intersection, effects of downstream queues on upstream saturation
flow rate, and unusual platoon dispersion or compression between intersections.  An example of such closely spaced
operations is signalized ramp terminals at urban interchanges.  Queue interactions between closely spaced intersections
may seriously distort the procedures in" the HCM.
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Appendix H 
 
Gillespie Site Specific Traffic Generation Data and Calculations 
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Marshall Johnson and Joe Kenny Street TOTALS
Driveways Crosson Driveways Driveways


1 2 3 4 5 Totals 6,7 8-18 Totals 19 20 21 22 23 Total
Driveway Volumes Collected at 23 driveways serving Gillespie Field
Tue - AM IN 7 36 4 28 1 76 1 1 3 7 12 24
Tue - AM OUT 5 14 10 10 9 48 1 2 3 2 7 15
Tue - PM IN 7 13 12 20 11 63 1 5 3 3 0 12
Tue - PM OUT 8 51 3 33 4 99 2 3 3 5 3 16
Tue - ADT 157 769 185 487 225 1,823 73 121 90 132 147 563
Wed - AM IN 4 41 4 29 2 80 5 59 64
Wed - AM OUT 3 22 11 7 9 52 1 26 27
Wed - PM IN 6 13 13 12 10 54 8 19 27
Wed - PM OUT 13 39 6 20 6 84 19 59 78
Wed - ADT 159 801 179 457 186 1,782 169 1028 1,197
Traffic Generaiton by hanger area and for the overall Gillespie Field
Avg-AM IN 78 64 24 166
Avg-AM OUT 50 27 15 92
Avg-PM IN 59 27 12 98
Avg-PM OUT 92 78 16 186
Avg-ADT 1,803 1,197 563 3,563
Traffic Generation Rate calculated by weighted Acerage by area and total


Acreage Area 62.4 ac Area 48.4 ac Area 28.5 ac 139.3
AM IN by acre 1.25 1.32 0.84 1.19
AM OUT by acre 0.80 0.56 0.53 0.66
PM IN by acre 0.94 0.56 0.42 0.70
PM OUT by acre 1.47 1.61 0.56 1.33
ADT by acre 28.89 24.73 19.75 25.57
Traffic Generation for proposed project a hanger area of 55 acres
The total project area is 70 acres of which 15 acres would be for taxiways etc. AM IN 66
making the remainder of 55 acres avaliable for hanger area assuming AM OUT 36
no other environmental constraints would restrict building the hangars PM IN 38


PM OUT 73
ADT 1407


LOS Engineering, Inc.


Gillespie Field Traffic Generation Calculations for 55 Acres of Hangars
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Marshall Johnson and Joe Kenny Street TOTALS
Driveways Crosson Driveways Driveways


1 2 3 4 5 Totals 6,7 8-18 Totals 19 20 21 22 23 Total
Driveway Volumes Collected at 23 driveways serving Gillespie Field
Tue - AM IN 7 36 4 28 1 76 1 1 3 7 12 24
Tue - AM OUT 5 14 10 10 9 48 1 2 3 2 7 15
Tue - PM IN 7 13 12 20 11 63 1 5 3 3 0 12
Tue - PM OUT 8 51 3 33 4 99 2 3 3 5 3 16
Tue - ADT 157 769 185 487 225 1,823 73 121 90 132 147 563
Wed - AM IN 4 41 4 29 2 80 5 59 64
Wed - AM OUT 3 22 11 7 9 52 1 26 27
Wed - PM IN 6 13 13 12 10 54 8 19 27
Wed - PM OUT 13 39 6 20 6 84 19 59 78
Wed - ADT 159 801 179 457 186 1,782 169 1028 1,197
Traffic Generaiton by hanger area and for the overall Gillespie Field
Avg-AM IN 78 64 24 166
Avg-AM OUT 50 27 15 92
Avg-PM IN 59 27 12 98
Avg-PM OUT 92 78 16 186
Avg-ADT 1,803 1,197 563 3,563
Traffic Generation Rate calculated by weighted Acerage by area and total


Acreage Area 62.4 ac Area 48.4 ac Area 28.5 ac 139.3
AM IN by acre 1.25 1.32 0.84 1.19
AM OUT by acre 0.80 0.56 0.53 0.66
PM IN by acre 0.94 0.56 0.42 0.70
PM OUT by acre 1.47 1.61 0.56 1.33
ADT by acre 28.89 24.73 19.75 25.57
Traffic Generation for proposed project a hanger area of 51.9 acres
The total project area is 66.9 acres of which 15 acres would be for taxiways etc. AM IN 62
making the remainder of 51.9 acres avaliable for hanger area assuming AM OUT 34
no other environmental constraints would restrict building the hangars PM IN 36


PM OUT 69
ADT 1327


LOS Engineering, Inc.


Gillespie Field Traffic Generation Calculations for 51.9 Acres of Hangars
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Marshall Johnson and Joe Kenny Street TOTALS
Driveways Crosson Driveways Driveways


1 2 3 4 5 Totals 6,7 8-18 Totals 19 20 21 22 23 Total
Driveway Volumes Collected at 23 driveways serving Gillespie Field
Tue - AM IN 7 36 4 28 1 76 1 1 3 7 12 24
Tue - AM OUT 5 14 10 10 9 48 1 2 3 2 7 15
Tue - PM IN 7 13 12 20 11 63 1 5 3 3 0 12
Tue - PM OUT 8 51 3 33 4 99 2 3 3 5 3 16
Tue - ADT 157 769 185 487 225 1,823 73 121 90 132 147 563
Wed - AM IN 4 41 4 29 2 80 5 59 64
Wed - AM OUT 3 22 11 7 9 52 1 26 27
Wed - PM IN 6 13 13 12 10 54 8 19 27
Wed - PM OUT 13 39 6 20 6 84 19 59 78
Wed - ADT 159 801 179 457 186 1,782 169 1028 1,197
Traffic Generaiton by hanger area and for the overall Gillespie Field
Avg-AM IN 78 64 24 166
Avg-AM OUT 50 27 15 92
Avg-PM IN 59 27 12 98
Avg-PM OUT 92 78 16 186
Avg-ADT 1,803 1,197 563 3,563
Traffic Generation Rate calculated by weighted Acerage by area and total


Acreage Area 62.4 ac Area 48.4 ac Area 28.5 ac 139.3
AM IN by acre 1.25 1.32 0.84 1.19
AM OUT by acre 0.80 0.56 0.53 0.66
PM IN by acre 0.94 0.56 0.42 0.70
PM OUT by acre 1.47 1.61 0.56 1.33
ADT by acre 28.89 24.73 19.75 25.57
Traffic Generation for proposed project a hanger area of 21.5 acres
The total project area is 70 acres of which 15 acres would be for taxiways AM IN 26
making the remainder of 55 acres avaliable for hanger area assuming AM OUT 14
no other environmental constraints would restrict building the hangars PM IN 15
However, this is the reduced alternative of 21.5 acres. PM OUT 29


ADT 550
LOS Engineering, Inc.


Gillespie Field Traffic Generation Calculations for 21.5 Acres of Hangars
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Daily Vehicle Volume Report 
Location: 
     Driveway #1 off N. Marshal Dr
File Number: 56812-1
Counter ID: N026
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  1  0 1
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  1  0 1
07:00 - 07:59  3  2 5
08:00 - 08:59  7  5 12
09:00 - 09:59  10  4 14
10:00 - 10:59  7  9 16
11:00 - 11:59  2  12 14
12:00 - 12:59  5  3 8
13:00 - 13:59  8  9 17
14:00 - 14:59  6  6 12
15:00 - 15:59  10  8 18
16:00 - 16:59  7  8 15
17:00 - 17:59  6  7 13
18:00 - 18:59  1  3 4
19:00 - 19:59  5  1 6
20:00 - 20:59  0  0 0
21:00 - 21:59  1  0 1
22:00 - 22:59  0  0 0
23:00 - 23:59  0  0 0


Total  80  77 157


      
AM Peak


Hour  9:15
10:14  10:15


11:14
8:45
9:44


Volume  11  14 17
      


PM Peak
Hour  13:15


14:14  15:30
16:29


14:45
15:44


Volume  10  11 20


Report Generated by "Turning Point Traffic Service" all rights reserved
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Daily Vehicle Volume Report 
Location: 
     Driveway #1 off N. Marshal Dr
File Number: 56812-2
Counter ID: N026
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  0  1 1
07:00 - 07:59  3  0 3
08:00 - 08:59  4  3 7
09:00 - 09:59  10  4 14
10:00 - 10:59  8  4 12
11:00 - 11:59  6  9 15
12:00 - 12:59  7  3 10
13:00 - 13:59  6  3 9
14:00 - 14:59  7  11 18
15:00 - 15:59  5  4 9
16:00 - 16:59  6  13 19
17:00 - 17:59  5  5 10
18:00 - 18:59  4  1 5
19:00 - 19:59  10  2 12
20:00 - 20:59  5  0 5
21:00 - 21:59  4  1 5
22:00 - 22:59  0  5 5
23:00 - 23:59  0  0 0


Total  90  69 159


      
AM Peak


Hour  9:00
9:59  11:00


11:59
11:00
11:59


Volume  10  9 15
      


PM Peak
Hour  18:45


19:44  16:30
17:29


16:30
17:29


Volume  11  15 22


Report Generated by "Turning Point Traffic Service" all rights reserved


Gillespie Field Traffic Impact Study Appendix Page 78 of 296







Daily Vehicle Volume Report 
Location: 
     Driveway #2 off N. Marshal Dr
File Number: 56813-1
Counter ID: 370
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  2 2
01:00 - 01:59  1  1 2
02:00 - 02:59  0  0 0
03:00 - 03:59  2  1 3
04:00 - 04:59  0  1 1
05:00 - 05:59  3  1 4
06:00 - 06:59  13  0 13
07:00 - 07:59  39  7 46
08:00 - 08:59  36  14 50
09:00 - 09:59  28  24 52
10:00 - 10:59  32  32 64
11:00 - 11:59  38  34 72
12:00 - 12:59  52  53 105
13:00 - 13:59  27  27 54
14:00 - 14:59  24  41 65
15:00 - 15:59  23  34 57
16:00 - 16:59  13  51 64
17:00 - 17:59  14  34 48
18:00 - 18:59  6  18 24
19:00 - 19:59  6  22 28
20:00 - 20:59  1  5 6
21:00 - 21:59  2  6 8
22:00 - 22:59  0  0 0
23:00 - 23:59  0  1 1


Total  360  409 769


      
AM Peak


Hour  7:30
8:29  10:30


11:29
10:30
11:29


Volume  51  34 72
      


PM Peak
Hour  12:00


12:59  12:15
13:14


12:15
13:14


Volume  52  61 108


Report Generated by "Turning Point Traffic Service" all rights reserved
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Daily Vehicle Volume Report 
Location: 
     Driveway #2 off N. Marshal Dr
File Number: 56813-2
Counter ID: 370
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  1 1
01:00 - 01:59  0  0 0
02:00 - 02:59  2  1 3
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  8  5 13
06:00 - 06:59  13  3 16
07:00 - 07:59  29  13 42
08:00 - 08:59  41  22 63
09:00 - 09:59  37  24 61
10:00 - 10:59  20  21 41
11:00 - 11:59  39  29 68
12:00 - 12:59  42  33 75
13:00 - 13:59  39  36 75
14:00 - 14:59  30  38 68
15:00 - 15:59  35  37 72
16:00 - 16:59  13  39 52
17:00 - 17:59  13  32 45
18:00 - 18:59  7  33 40
19:00 - 19:59  8  8 16
20:00 - 20:59  4  16 20
21:00 - 21:59  1  19 20
22:00 - 22:59  2  3 5
23:00 - 23:59  1  4 5


Total  384  417 801


      
AM Peak


Hour  7:45
8:44  11:00


11:59
7:45
8:44


Volume  45  29 72
      


PM Peak
Hour  12:00


12:59  14:30
15:29


14:30
15:29


Volume  42  48 82


Report Generated by "Turning Point Traffic Service" all rights reserved
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Daily Vehicle Volume Report 
Location: 
     Driveway #3 off N. Marshal Dr
File Number: 56814-1
Counter ID: N036
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  1 1
06:00 - 06:59  0  3 3
07:00 - 07:59  1  4 5
08:00 - 08:59  4  10 14
09:00 - 09:59  3  7 10
10:00 - 10:59  3  9 12
11:00 - 11:59  7  12 19
12:00 - 12:59  7  9 16
13:00 - 13:59  4  12 16
14:00 - 14:59  17  12 29
15:00 - 15:59  4  17 21
16:00 - 16:59  5  4 9
17:00 - 17:59  12  3 15
18:00 - 18:59  3  0 3
19:00 - 19:59  3  1 4
20:00 - 20:59  2  2 4
21:00 - 21:59  0  1 1
22:00 - 22:59  1  2 3
23:00 - 23:59  0  0 0


Total  76  109 185


      
AM Peak


Hour  10:15
11:14  10:45


11:44
10:45
11:44


Volume  7  14 21
      


PM Peak
Hour  14:00


14:59  14:15
15:14


14:15
15:14


Volume  17  17 30


Report Generated by "Turning Point Traffic Service" all rights reserved
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Daily Vehicle Volume Report 
Location: 
     Driveway #3 off N. Marshal Dr
File Number: 56814-2
Counter ID: N036
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  2 2
06:00 - 06:59  0  0 0
07:00 - 07:59  2  11 13
08:00 - 08:59  4  11 15
09:00 - 09:59  7  8 15
10:00 - 10:59  3  8 11
11:00 - 11:59  4  6 10
12:00 - 12:59  6  8 14
13:00 - 13:59  6  10 16
14:00 - 14:59  7  15 22
15:00 - 15:59  3  7 10
16:00 - 16:59  8  5 13
17:00 - 17:59  13  6 19
18:00 - 18:59  4  1 5
19:00 - 19:59  3  4 7
20:00 - 20:59  1  1 2
21:00 - 21:59  0  0 0
22:00 - 22:59  4  0 4
23:00 - 23:59  1  0 1


Total  76  103 179


      
AM Peak


Hour  8:15
9:14  7:30


8:29
7:30
8:29


Volume  7  17 21
      


PM Peak
Hour  17:15


18:14  14:00
14:59


13:45
14:44


Volume  15  15 23


Report Generated by "Turning Point Traffic Service" all rights reserved
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Daily Vehicle Volume Report 
Location: 
     Driveway #4 off N. Marshal Dr
File Number: 56815-1
Counter ID: 370
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  3  2 5
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  1  0 1
05:00 - 05:59  2  0 2
06:00 - 06:59  10  0 10
07:00 - 07:59  30  1 31
08:00 - 08:59  28  10 38
09:00 - 09:59  34  15 49
10:00 - 10:59  13  6 19
11:00 - 11:59  32  27 59
12:00 - 12:59  28  14 42
13:00 - 13:59  28  21 49
14:00 - 14:59  17  22 39
15:00 - 15:59  25  30 55
16:00 - 16:59  20  33 53
17:00 - 17:59  7  15 22
18:00 - 18:59  2  6 8
19:00 - 19:59  0  0 0
20:00 - 20:59  0  1 1
21:00 - 21:59  1  0 1
22:00 - 22:59  0  0 0
23:00 - 23:59  2  1 3


Total  283  204 487


      
AM Peak


Hour  8:30
9:29  11:00


11:59
11:00
11:59


Volume  34  27 59
      


PM Peak
Hour  12:45


13:44  15:45
16:44


14:45
15:44


Volume  29  35 61
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Daily Vehicle Volume Report 
Location: 
     Driveway #4 off N. Marshal Dr
File Number: 56815-2
Counter ID: 370
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  2  0 2
05:00 - 05:59  6  1 7
06:00 - 06:59  10  0 10
07:00 - 07:59  21  2 23
08:00 - 08:59  29  7 36
09:00 - 09:59  27  2 29
10:00 - 10:59  20  11 31
11:00 - 11:59  27  20 47
12:00 - 12:59  35  16 51
13:00 - 13:59  34  25 59
14:00 - 14:59  12  18 30
15:00 - 15:59  19  25 44
16:00 - 16:59  16  15 31
17:00 - 17:59  12  20 32
18:00 - 18:59  2  7 9
19:00 - 19:59  3  5 8
20:00 - 20:59  0  0 0
21:00 - 21:59  0  0 0
22:00 - 22:59  3  3 6
23:00 - 23:59  0  2 2


Total  278  179 457


      
AM Peak


Hour  8:00
8:59  11:00


11:59
11:00
11:59


Volume  29  20 47
      


PM Peak
Hour  12:45


13:44  12:45
13:44


12:45
13:44


Volume  36  26 62
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Daily Vehicle Volume Report 
Location: 
     Driveway #5 off N. Marshal Dr
File Number: 56816-1
Counter ID: N037
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  2  1 3
01:00 - 01:59  3  0 3
02:00 - 02:59  0  0 0
03:00 - 03:59  1  1 2
04:00 - 04:59  0  1 1
05:00 - 05:59  0  1 1
06:00 - 06:59  0  9 9
07:00 - 07:59  1  9 10
08:00 - 08:59  1  9 10
09:00 - 09:59  10  15 25
10:00 - 10:59  7  10 17
11:00 - 11:59  16  20 36
12:00 - 12:59  8  10 18
13:00 - 13:59  8  11 19
14:00 - 14:59  6  6 12
15:00 - 15:59  9  4 13
16:00 - 16:59  11  3 14
17:00 - 17:59  11  4 15
18:00 - 18:59  0  1 1
19:00 - 19:59  0  1 1
20:00 - 20:59  3  5 8
21:00 - 21:59  0  2 2
22:00 - 22:59  3  2 5
23:00 - 23:59  0  0 0


Total  100  125 225


      
AM Peak


Hour  11:00
11:59  11:00


11:59
11:00
11:59


Volume  16  20 36
      


PM Peak
Hour  16:30


17:29  12:15
13:14


12:15
13:14


Volume  15  11 21
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Daily Vehicle Volume Report 
Location: 
     Driveway #5 off N. Marshal Dr
File Number: 56816-2
Counter ID: N037
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  3  0 3
01:00 - 01:59  0  0 0
02:00 - 02:59  1  1 2
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  1  2 3
06:00 - 06:59  1  16 17
07:00 - 07:59  2  9 11
08:00 - 08:59  3  7 10
09:00 - 09:59  3  9 12
10:00 - 10:59  3  10 13
11:00 - 11:59  4  14 18
12:00 - 12:59  8  6 14
13:00 - 13:59  3  13 16
14:00 - 14:59  3  7 10
15:00 - 15:59  14  5 19
16:00 - 16:59  7  5 12
17:00 - 17:59  10  6 16
18:00 - 18:59  5  1 6
19:00 - 19:59  1  0 1
20:00 - 20:59  0  0 0
21:00 - 21:59  0  1 1
22:00 - 22:59  1  1 2
23:00 - 23:59  0  0 0


Total  73  113 186


      
AM Peak


Hour  10:15
11:14  6:15


7:14
6:15
7:14


Volume  5  18 20
      


PM Peak
Hour  15:00


15:59  13:15
14:14


15:00
15:59


Volume  14  14 19


Report Generated by "Turning Point Traffic Service" all rights reserved


Gillespie Field Traffic Impact Study Appendix Page 86 of 296







Daily Vehicle Volume Report 
Location: 
     Learn to Fly Driveway off Johnson Ave
File Number: 56817-1
Counter ID: 316 & 317
Report Duration:
     Tuesday Mar 28, 2006 - 00:00 to 
     Tuesday Mar 28, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  4  0 4
07:00 - 07:59  9  2 11
08:00 - 08:59  11  7 18
09:00 - 09:59  7  4 11
10:00 - 10:59  2  5 7
11:00 - 11:59  0  3 3
12:00 - 12:59  11  8 19
13:00 - 13:59  11  8 19
14:00 - 14:59  12  7 19
15:00 - 15:59  4  10 14
16:00 - 16:59  1  8 9
17:00 - 17:59  8  1 9
18:00 - 18:59  6  4 10
19:00 - 19:59  1  5 6
20:00 - 20:59  0  0 0
21:00 - 21:59  0  1 1
22:00 - 22:59  0  0 0
23:00 - 23:59  0  0 0


Total  87  73 160


      
AM Peak


Hour  7:15
8:14  8:00


8:59
8:00
8:59


Volume  12  7 18
      


PM Peak
Hour  13:30


14:29  14:45
15:44


13:30
14:29


Volume  16  13 22
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Daily Vehicle Volume Report 
Location: 
     Learn to Fly Driveway off Johnson Ave
File Number: 56817-2
Counter ID: 316 & 317
Report Duration:
     Wednesday Mar 29, 2006 - 00:00 to 
     Wednesday Mar 29, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Driveway  Out Driveway
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  2  0 2
06:00 - 06:59  0  0 0
07:00 - 07:59  6  1 7
08:00 - 08:59  5  1 6
09:00 - 09:59  5  6 11
10:00 - 10:59  5  3 8
11:00 - 11:59  5  6 11
12:00 - 12:59  8  5 13
13:00 - 13:59  8  3 11
14:00 - 14:59  8  9 17
15:00 - 15:59  10  8 18
16:00 - 16:59  14  8 22
17:00 - 17:59  8  19 27
18:00 - 18:59  1  4 5
19:00 - 19:59  2  3 5
20:00 - 20:59  0  3 3
21:00 - 21:59  2  1 3
22:00 - 22:59  0  0 0
23:00 - 23:59  0  0 0


Total  89  80 169


      
AM Peak


Hour  7:15
8:14  9:15


10:14
9:15


10:14
Volume  11  8 15


      
PM Peak


Hour  16:30
17:29  17:00


17:59
16:30
17:29


Volume  16  19 30
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IN FROM 
SOUTH


IN FROM 
NORTH


TOTAL  
IN


Hourly 
Totals


OUT TO 
SOUTH


OUT TO 
NORTH


TOTAL  
OUT


Hourly 
Totals


TOTAL       
INs and OUTs


7:00 AM 7:15 AM 10 1 11 0 1 1 12
7:15 AM 7:30 AM 11 6 17 2 1 3 20
7:30 AM 7:45 AM 11 0 11 0 2 2 13
7:45 AM 8:00 AM 15 7 22 61 7 2 9 15 31
8:00 AM 8:15 AM 14 3 17 7 1 8 25
8:15 AM 8:30 AM 8 7 15 4 3 7 22
8:30 AM 8:45 AM 11 7 18 3 2 5 23
8:45 AM 9:00 AM 6 3 9 59 5 1 6 26 15
9:00 AM 9:15 AM 12 7 19 7 2 9 28
9:15 AM 9:30 AM 5 4 9 5 4 9 18
9:30 AM 9:45 AM 8 5 13 4 0 4 17
9:45 AM 10:00 AM 12 1 13 54 2 2 4 26 17
10:00 AM 10:15 AM 10 5 15 11 3 14 29
10:15 AM 10:30 AM 5 4 9 3 4 7 16
10:30 AM 10:45 AM 4 3 7 8 1 9 16
10:45 AM 11:00 AM 8 4 12 43 5 2 7 37 19
11:00 AM 11:15 AM 8 2 10 5 5 10 20
11:15 AM 11:30 AM 6 3 9 8 2 10 19
11:30 AM 11:45 AM 11 4 15 9 2 11 26
11:45 AM 12:00 PM 9 9 18 52 17 2 19 50 37
12:00 PM 12:15 PM 9 3 12 13 8 21 33
12:15 PM 12:30 PM 13 6 19 11 4 15 34
12:30 PM 12:45 PM 13 7 20 9 6 15 35
12:45 PM 1:00 PM 10 7 17 68 9 4 13 64 30
1:00 PM 1:15 PM 8 7 15 8 7 15 30
1:15 PM 1:30 PM 9 3 12 7 5 12 24
1:30 PM 1:45 PM 8 4 12 6 0 6 18
1:45 PM 2:00 PM 7 5 12 51 8 1 9 42 21
2:00 PM 2:15 PM 7 7 14 14 3 17 31
2:15 PM 2:30 PM 5 4 9 6 6 12 21
2:30 PM 2:45 PM 8 6 14 11 3 14 28
2:45 PM 3:00 PM 11 6 17 54 4 6 10 53 27
3:00 PM 3:15 PM 3 4 7 10 3 13 20
3:15 PM 3:30 PM 5 3 8 11 5 16 24
3:30 PM 3:45 PM 3 4 7 19 4 23 30
3:45 PM 4:00 PM 3 1 4 26 9 4 13 65 17
4:00 PM 4:15 PM 5 3 8 7 2 9 17
4:15 PM 4:30 PM 3 2 5 13 10 23 28
4:30 PM 4:45 PM 3 2 5 12 5 17 22
4:45 PM 5:00 PM 1 0 1 19 7 3 10 59 11
5:00 PM 5:15 PM 0 1 1 12 6 18 19
5:15 PM 5:30 PM 2 3 5 9 2 11 16
5:30 PM 5:45 PM 1 2 3 5 1 6 9
5:45 PM 6:00 PM 2 1 3 12 5 1 6 41 9
6:00 PM 6:15 PM 2 3 5 3 4 7 12
6:15 PM 6:30 PM 1 2 3 2 2 4 7
6:30 PM 6:45 PM 2 1 3 2 4 6 9
6:45 PM 7:00 PM 3 1 4 15 0 5 5 22 9
7:00 PM 7:15 PM 2 0 2 3 2 5 7
7:15 PM 7:30 PM 2 1 3 1 0 1 4
7:30 PM 7:45 PM 1 0 1 1 0 1 2
7:45 PM 8:00 PM 0 0 0 6 0 1 1 8 1


TOTALS 336 184 520 349 159 508 1028


AM Peak Hour (7:45AM to 8:45AM) IN 72 OUT 29 Total 101
PM Peak Hour (4:15PM to 5:15PM) IN 12 OUT 68 Total 80


In From 
South


In From 
North


Out to 
South


Out to 
North


Direction Percentage 65% 35% 69% 31%


TIME


Gillespie Field Driveway Counts along Joe Crosson Drive (11 driveways)
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Daily Vehicle Volume Report 
Location: 
     Driveway #1 off Kenney St w/o Magnolia Ave
File Number: 56823-1
Counter ID: N036
Report Duration:
     Thursday Apr 06, 2006 - 00:00 to 
     Thursday Apr 06, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Bound  Out Bound
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  0  0 0
07:00 - 07:59  1  0 1
08:00 - 08:59  1  1 2
09:00 - 09:59  2  1 3
10:00 - 10:59  7  2 9
11:00 - 11:59  3  7 10
12:00 - 12:59  3  4 7
13:00 - 13:59  7  4 11
14:00 - 14:59  4  8 12
15:00 - 15:59  0  7 7
16:00 - 16:59  0  3 3
17:00 - 17:59  1  2 3
18:00 - 18:59  0  4 4
19:00 - 19:59  0  0 0
20:00 - 20:59  0  1 1
21:00 - 21:59  0  0 0
22:00 - 22:59  0  0 0
23:00 - 23:59  0  0 0


Total  29  44 73


      
AM Peak


Hour  10:15
11:14  10:45


11:44
10:15
11:14


Volume  8  7 11
      


PM Peak
Hour  12:30


13:29  14:30
15:29


14:30
15:29


Volume  7  10 14
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Daily Vehicle Volume Report 
Location: 
     Driveway #2 off Kenney St w/o Magnolia Ave
File Number: 56824-1
Counter ID: N026
Report Duration:
     Thursday Apr 06, 2006 - 00:00 to 
     Thursday Apr 06, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Bound  Out Bound
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  1 1
06:00 - 06:59  1  0 1
07:00 - 07:59  0  0 0
08:00 - 08:59  1  2 3
09:00 - 09:59  4  2 6
10:00 - 10:59  5  6 11
11:00 - 11:59  8  2 10
12:00 - 12:59  9  7 16
13:00 - 13:59  12  12 24
14:00 - 14:59  7  5 12
15:00 - 15:59  0  8 8
16:00 - 16:59  5  3 8
17:00 - 17:59  2  5 7
18:00 - 18:59  2  6 8
19:00 - 19:59  0  1 1
20:00 - 20:59  1  4 5
21:00 - 21:59  0  0 0
22:00 - 22:59  0  0 0
23:00 - 23:59  0  0 0


Total  57  64 121


      
AM Peak


Hour  11:00
11:59  10:15


11:14
9:45


10:44
Volume  8  7 12


      
PM Peak


Hour  13:15
14:14  13:15


14:14
13:15
14:14


Volume  13  15 28
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Daily Vehicle Volume Report 
Location: 
     Driveway #3 off Kenney St w/o Magnolia Ave
File Number: 56825-1
Counter ID: N116
Report Duration:
     Thursday Apr 06, 2006 - 00:00 to 
     Thursday Apr 06, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Bound  Out Bound
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  4  1 5
07:00 - 07:59  4  0 4
08:00 - 08:59  3  3 6
09:00 - 09:59  3  4 7
10:00 - 10:59  6  4 10
11:00 - 11:59  7  7 14
12:00 - 12:59  2  4 6
13:00 - 13:59  5  2 7
14:00 - 14:59  2  3 5
15:00 - 15:59  2  2 4
16:00 - 16:59  2  3 5
17:00 - 17:59  3  3 6
18:00 - 18:59  1  1 2
19:00 - 19:59  2  2 4
20:00 - 20:59  0  3 3
21:00 - 21:59  0  1 1
22:00 - 22:59  0  1 1
23:00 - 23:59  0  0 0


Total  46  44 90


      
AM Peak


Hour  10:30
11:29  10:30


11:29
10:30
11:29


Volume  8  9 17
      


PM Peak
Hour  12:30


13:29  16:15
17:14


12:30
13:29


Volume  6  5 10
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Daily Vehicle Volume Report 
Location: 
     Driveway #4 off Kenney St w/o Magnolia Ave
File Number: 56826-1
Counter ID: S051
Report Duration:
     Thursday Apr 06, 2006 - 00:00 to 
     Thursday Apr 06, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Bound  Out Bound
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  0 0
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  0  0 0
05:00 - 05:59  0  0 0
06:00 - 06:59  0  0 0
07:00 - 07:59  7  2 9
08:00 - 08:59  6  1 7
09:00 - 09:59  7  7 14
10:00 - 10:59  0  1 1
11:00 - 11:59  3  8 11
12:00 - 12:59  7  6 13
13:00 - 13:59  7  8 15
14:00 - 14:59  0  2 2
15:00 - 15:59  12  6 18
16:00 - 16:59  3  5 8
17:00 - 17:59  0  5 5
18:00 - 18:59  1  8 9
19:00 - 19:59  2  5 7
20:00 - 20:59  0  3 3
21:00 - 21:59  0  2 2
22:00 - 22:59  0  4 4
23:00 - 23:59  0  4 4


Total  55  77 132


      
AM Peak


Hour  7:15
8:14  11:00


11:59
8:30
9:29


Volume  10  8 15
      


PM Peak
Hour  15:00


15:59  18:15
19:14


12:45
13:44


Volume  12  12 18


Report Generated by "Turning Point Traffic Service" all rights reserved


Gillespie Field Traffic Impact Study Appendix Page 93 of 296







Daily Vehicle Volume Report 
Location: 
     Driveway #5 off Kenney St w/o Magnolia Ave
File Number: 56827-1
Counter ID: S158
Report Duration:
     Thursday Apr 06, 2006 - 00:00 to 
     Thursday Apr 06, 2006 - 23:59 
Other Notes:
     None at this time.


Time  In Bound  Out Bound
Total


Volume
00:00 - 00:59  0  0 0
01:00 - 01:59  0  2 2
02:00 - 02:59  0  0 0
03:00 - 03:59  0  0 0
04:00 - 04:59  1  0 1
05:00 - 05:59  1  2 3
06:00 - 06:59  5  0 5
07:00 - 07:59  6  2 8
08:00 - 08:59  12  7 19
09:00 - 09:59  2  0 2
10:00 - 10:59  10  4 14
11:00 - 11:59  7  11 18
12:00 - 12:59  4  1 5
13:00 - 13:59  9  7 16
14:00 - 14:59  3  10 13
15:00 - 15:59  2  3 5
16:00 - 16:59  0  3 3
17:00 - 17:59  3  0 3
18:00 - 18:59  5  0 5
19:00 - 19:59  0  6 6
20:00 - 20:59  1  14 15
21:00 - 21:59  0  0 0
22:00 - 22:59  1  1 2
23:00 - 23:59  0  2 2


Total  72  75 147


      
AM Peak


Hour  8:00
8:59  10:30


11:29
8:00
8:59


Volume  12  11 19
      


PM Peak
Hour  13:15


14:14  19:15
20:14


13:15
14:14


Volume  10  15 19
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Appendix I 
 
SANDAG Select Zone Assignment 
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Minor distribution adjustments were made because the SANDAG traffic model - Select 
Zone Assignment (SZA) has two centroid connectors for Gillespie Field (one connecting 
to Marshall Road and the other to Magnolia Avenue).  The Gillespie Field ALP Update 
project has access to Joe Crosson Way and Wing Avenue.  Because the SANDAG traffic 
model does not include all of the minor streets, minor adjustments are made to better 
reflect how traffic volumes will load onto the surrounding roadways.  The minor 
adjustments made for this project by year are described below. 
 
The SANDAG SZA distribution adjustment accounted for the project not having direct 
access to Marshall Avenue.  The SANDAG SZA has loading directly to Marshall 
Avenue.  With loading directly to Marshall Avenue, southbound project traffic is shown 
to stay on Marshall Ave south of Bradley Ave.  The shortest path for southbound traffic 
from either Joe Crosson or Wing Avenue is to use Johnson Avenue.  Johnson Avenue 
also has ramp connections with I-8.  Therefore, Johnson Avenue has a manual 
distribution showing a higher distribution (20%). 
 
The distribution was also adjusted with Cuyamaca Street having a majority of the 
northbound distribution over Marshall because the project does not have direct access to 
Marshall.  The next page shows a 28% distribution to Marshall based on Gillespie Field 
having direct access to Marshall.  This 28% was adjusted down to 5% and 20% was 
assigned to Cuyamaca Street. 
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Appendix J 
 
Airport Drive Closure Traffic Re-Distribution 
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Gillespie Field Driveway Counts along Joe Crosson Drive (11 driveways)
Counted on Wednesday


TIME
7:00 AM
7:15 AM
7:30 AM
7:45 AM
8:00 AM
8:15 AM
8:30 AM
8:45 AM
9:00 AM
9:15 AM
9:30 AM
9:45 AM
10:00 AM
10:1 5 AM
10:30 AM
10:45 AM
11:00 AM
11:15AM
11:30 AM
1 1 :45 AM
12:00 PM
12:15 PM
12:30 PM
12:45 PM
1 :00 PM
1:15 PM
1:30 PM
1:45 PM
2.00 PM
2:15 PM
2:30 PM
2:45 PM
3:00 PM
3: 15PM
3:30 PM
3:45 PM
4:00 PM
4:15 PM
4:30 PM
4:45 PM
5:00 PM
5:15 PM
5:30 PM
5:45 PM
6:00 PM
6:15 PM
6:30 PM
6:45 PM
7:00 PM
7:1 5PM
7:30 PM
7:45 PM


7: 15 AM
7:30 AM
7:45 AM
8:00 AM
8:15 AM
8:30 AM
8:45 AM
9:00 AM
9:1 5 AM
9:30 AM
9:45 AM
10:00 AM
10.15AM
10:30 AM
10:45 AM
11:00 AM
11:15AM
11:30 AM
1 1 :45 AM
12:00 PM
12:1 5PM
12:30PM
12:45PM
1:00 PM
1:15 PM
1:30 PM
1:45 PM
2:00 PM
2.15 PM
2:30 PM
2:45 PM
3:00 PM
3:15 PM
3:30 PM
3.45 PM
4:00 PM
4:1 5PM
4:30 PM
4:45 PM
5:00 PM
5:15 PM
5:30 PM
5:45 PM
6:00 PM
6:15 PM
6:30 PM
6:45 PM
7:00 PM
7:1 5PM
7:30 PM
7:45 PM
8:00 PM


IN FROM
SOUTH


10
11
11
15
14
8
11
6
12
5
8
12
10
5
4
8
8
6
11
9
9
13
13
10
8
9
8
7
7
5
8
11
3
5
3
3
5
3
3
1
0
2
1
2
2
1
2
3
2
2
1
0


TOTALS 336


AM Peak Hour (7:45AM to 8:45AM)


PM Peak Hour (4:1 5PM to 5: 1 5PM)


In From
South


Direction Percentage 65%


IN FROM
NORTH


1
6
0
7
3
7
7
3
7
4
5
1
5
4
3
4
2
3
4
9
3
6
7
7
7
3
4
5
7
4
6
6
4
3
4
1
3
2
2
0
1
3
2
1
3
2
1
1
0
1
0
0


184


IN


IN


In From
North
35%


TOTAL
IN
11
17
11
22
17
15
18
9
19
9
13
13
15
9
7
12
10
9
15
18
12
19
20
17
15
12
12
12
14
9
14
17
7
8
7
4
8
5
5
1
1
5
3
3
5
3
3
4
2
3
1
0


520


72


12


Hourly
Totals


61


59


54


43


52


68


51


54


26


19


12


15


6


OUT TO
SOUTH


0
2
0
7
7
4
3
5
7
5
4
2
11
3
8
5
5
8
9
17
13
11
9
9
8
7
6
8
14
6
11
4
10
11
19
9
7
13
12
7
12
9
5
5
3
2
2
0
3
1
1
0


349


Out to
South
69%


OUT TO
NORTH


1
1
2
2
1
3
2
1
2
4
0
2
3
4
1
2
5
2
2
2
8
4
6
4
7
5
0
1
3
6
3
6
3
5
4
4
2
10
5
3
6
2
1
1
4
2
4
5
2
0
0
1


159


OUT


OUT


Out to
North
31%


TOTAL
OUT


1
3
2
9
8
7
5
6
9
9
4
4
14
7
9
7
10
10
11
19
21
15
15
13
15
12
6
9
17
12
14
10
13
16
23
13
9
23
17
10
18
11
6
6
7
4
6
5
5
1
1
1


508


29


68


Hourly
Totals


15


26


26


37


50


64


42


53


65


59


41


22


8


Total


Total


TOTAL
INs and OUTs


12
20
13
31
25
22
23
15
28
18
17
17
29
16
16
19
20
19
26
37
33
34
35
30
30
24
18
21
31
21
28
27
20
24
30
17
17
28
22
11
19
16
9
9
12
7
9
9
7
4
2
1


1028


101


80
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Appendix K 
 
Existing (Year 2011) + Proposed Project LOS & ILV Calculations 
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AM Existing + Proposed Project
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 22 224 88 393 83 25 69 2 5
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 29.0 26.0 43.0 35.0 35.0 35.0 35.0 35.0
Total Split (%) 13.3% 32.2% 28.9% 47.8% 38.9% 38.9% 38.9% 38.9% 38.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.6 9.0 8.2 13.7 8.9 8.9 8.9
Actuated g/C Ratio 0.20 0.27 0.25 0.41 0.27 0.27 0.27
v/c Ratio 0.07 0.29 0.24 0.28 0.30 0.17 0.03
Control Delay 15.9 11.8 14.6 7.9 14.6 5.5 10.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.9 11.8 14.6 7.9 14.6 5.5 10.1
LOS B B B A B A B
Approach Delay 12.1 9.1 11.0 10.1
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 33.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.30
Intersection Signal Delay: 10.4 Intersection LOS: B
Intersection Capacity Utilization 36.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Existing + Proposed Project
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 22 224 42 88 393 2 83 25 69 2 5 6
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.85 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3456 1583 3537 1794 1417 1733
Flt Permitted 0.95 1.00 0.95 1.00 0.77 1.00 0.96
Satd. Flow (perm) 1583 3456 1583 3537 1432 1417 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 23 236 44 93 414 2 87 26 73 2 5 6
RTOR Reduction (vph) 0 17 0 0 1 0 0 0 55 0 5 0
Lane Group Flow (vph) 23 263 0 93 415 0 0 113 18 0 8 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.1 10.4 4.4 13.7 8.9 8.9 8.9
Effective Green, g (s) 1.1 10.4 4.4 13.7 8.9 8.9 8.9
Actuated g/C Ratio 0.03 0.29 0.12 0.38 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 49 1007 195 1357 357 353 418
v/s Ratio Prot 0.01 0.08 c0.06 c0.12
v/s Ratio Perm c0.08 0.01 0.01
v/c Ratio 0.47 0.26 0.48 0.31 0.32 0.05 0.02
Uniform Delay, d1 17.0 9.7 14.6 7.7 10.9 10.2 10.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.9 0.1 1.8 0.1 0.5 0.1 0.0
Delay (s) 24.0 9.8 16.4 7.8 11.4 10.3 10.1
Level of Service C A B A B B B
Approach Delay (s) 10.9 9.4 11.0 10.1
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 35.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 36.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 237 67 433 50 9 68 26 2
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 18.0 41.0 18.0 41.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 20.0% 45.6% 20.0% 45.6% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.0 9.1 7.4 11.5 7.4 7.4 7.4
Actuated g/C Ratio 0.21 0.31 0.26 0.40 0.26 0.26 0.26
v/c Ratio 0.00 0.28 0.17 0.37 0.17 0.17 0.08
Control Delay 14.0 8.9 12.4 7.3 12.6 5.7 11.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 14.0 8.9 12.4 7.3 12.6 5.7 11.8
LOS B A B A B A B
Approach Delay 8.9 7.9 8.9 11.8
Approach LOS A A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 28.9
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.37
Intersection Signal Delay: 8.5 Intersection LOS: A
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Existing + Proposed Project
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 237 64 67 433 50 50 9 68 26 2 1
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.98 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3427 1583 3484 1786 1417 1775
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.75
Satd. Flow (perm) 1583 3427 1583 3484 1394 1417 1395
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 249 67 71 456 53 53 9 72 27 2 1
RTOR Reduction (vph) 0 32 0 0 11 0 0 0 55 0 1 0
Lane Group Flow (vph) 1 284 0 71 498 0 0 62 17 0 29 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 9.7 2.5 11.4 7.4 7.4 7.4
Effective Green, g (s) 0.8 9.7 2.5 11.4 7.4 7.4 7.4
Actuated g/C Ratio 0.03 0.31 0.08 0.36 0.23 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 40 1052 125 1257 326 332 327
v/s Ratio Prot 0.00 0.08 c0.04 c0.14
v/s Ratio Perm c0.04 0.01 0.02
v/c Ratio 0.02 0.27 0.57 0.40 0.19 0.05 0.09
Uniform Delay, d1 15.0 8.3 14.0 7.5 9.7 9.4 9.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.1 5.8 0.2 0.3 0.1 0.1
Delay (s) 15.3 8.4 19.8 7.7 10.0 9.4 9.6
Level of Service B A B A A A A
Approach Delay (s) 8.4 9.2 9.7 9.6
Approach LOS A A A A


Intersection Summary
HCM Average Control Delay 9.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.31
Actuated Cycle Length (s) 31.6 Sum of lost time (s) 8.0
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 53 268 513 27 15 59
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 56 282 540 28 16 62
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked 1.00 1.00 1.00
vC, conflicting volume 568 807 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 561 800 276
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 95 91
cM capacity (veh/h) 1003 304 720


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 56 141 141 360 208 78
Volume Left 56 0 0 0 0 16
Volume Right 0 0 0 0 28 62
cSH 1003 1700 1700 1700 1700 563
Volume to Capacity 0.06 0.08 0.08 0.21 0.12 0.14
Queue Length 95th (ft) 4 0 0 0 0 12
Control Delay (s) 8.8 0.0 0.0 0.0 0.0 12.4
Lane LOS A B
Approach Delay (s) 1.5 0.0 12.4
Approach LOS B


Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.4% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Proposed Project
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 81 179 44 139 376 201 37 97 193 163 152
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 9.0 29.0 29.0 20.0 40.0 40.0 8.0 29.0 12.0 33.0 33.0
Total Split (%) 10.0% 32.2% 32.2% 22.2% 44.4% 44.4% 8.9% 32.2% 13.3% 36.7% 36.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 5.1 26.1 26.1 16.4 34.8 34.8 4.0 19.6 8.7 27.8 27.8
Actuated g/C Ratio 0.06 0.31 0.31 0.19 0.41 0.41 0.05 0.23 0.10 0.33 0.33
v/c Ratio 0.89 0.17 0.10 0.47 0.27 0.30 0.51 0.44 0.64 0.28 0.28
Control Delay 112.8 25.2 8.4 28.2 11.3 3.1 66.8 23.5 48.5 23.5 5.3
Queue Delay 0.0 0.0 0.0 1.2 0.7 0.9 0.0 0.0 0.0 0.0 0.0
Total Delay 112.8 25.2 8.4 29.4 12.0 3.9 66.8 23.5 48.5 23.5 5.3
LOS F C A C B A E C D C A
Approach Delay 46.1 13.1 30.9 27.5
Approach LOS D B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 25.2 Intersection LOS: C
Intersection Capacity Utilization 45.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Existing + Proposed Project
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 81 179 44 139 376 201 37 97 85 193 163 152
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1733 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1733 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 85 188 46 146 396 212 39 102 89 203 172 160
RTOR Reduction (vph) 0 0 32 0 0 127 0 37 0 0 0 109
Lane Group Flow (vph) 85 188 14 146 396 85 39 154 0 203 172 51
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.1 26.1 26.1 14.8 34.8 34.8 2.2 19.5 10.5 27.8 27.8
Effective Green, g (s) 6.1 26.1 26.1 14.8 34.8 34.8 2.2 19.5 10.5 27.8 27.8
Actuated g/C Ratio 0.07 0.30 0.30 0.17 0.40 0.40 0.03 0.22 0.12 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 111 1063 426 270 1417 567 40 389 371 596 453
v/s Ratio Prot c0.05 0.05 c0.09 c0.11 c0.02 c0.09 c0.07 0.09
v/s Ratio Perm 0.01 0.06 0.04
v/c Ratio 0.77 0.18 0.03 0.54 0.28 0.15 0.98 0.40 0.55 0.29 0.11
Uniform Delay, d1 39.7 22.5 21.5 32.9 17.6 16.6 42.3 28.7 36.0 22.1 20.9
Progression Factor 1.00 1.00 1.00 0.80 0.64 0.89 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 26.4 0.1 0.0 1.1 0.1 0.1 131.6 0.7 1.7 0.3 0.1
Delay (s) 66.1 22.5 21.5 27.5 11.4 14.9 173.9 29.3 37.6 22.4 21.0
Level of Service E C C C B B F C D C C
Approach Delay (s) 34.0 15.5 53.9 27.7
Approach LOS C B D C


Intersection Summary
HCM Average Control Delay 27.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 20.0
Intersection Capacity Utilization 45.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


AM Existing + Proposed Project
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 213 241 440 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 29.0 29.0 40.0 33.0 12.0 29.0 20.0 8.0 9.0
Total Split (%) 32.2% 32.2% 44.4% 36.7% 13% 32% 22% 9% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 26.1 26.1 34.8 27.8
Actuated g/C Ratio 0.31 0.31 0.41 0.33
v/c Ratio 0.39 0.41 0.89 0.85
Control Delay 12.9 5.5 33.4 44.1
Queue Delay 0.5 0.5 0.1 0.0
Total Delay 13.3 6.0 33.5 44.1
LOS B A C D
Approach Delay 9.4 33.5 44.1
Approach LOS A C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 29.4 Intersection LOS: C
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Existing + Proposed Project
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 213 241 198 440 0 0 0 0 106 0 334
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.90
Flt Protected 1.00 1.00 0.98 0.99
Satd. Flow (prot) 1863 1417 1834 1652
Flt Permitted 1.00 1.00 0.98 0.99
Satd. Flow (perm) 1863 1417 1834 1652
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 224 254 208 463 0 0 0 0 112 0 352
RTOR Reduction (vph) 0 0 178 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 224 76 0 671 0 0 0 0 0 464 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 26.1 26.1 34.8 27.8
Effective Green, g (s) 26.1 26.1 34.8 27.8
Actuated g/C Ratio 0.30 0.30 0.40 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 560 426 734 528
v/s Ratio Prot 0.12 c0.37
v/s Ratio Perm 0.05 0.28
v/c Ratio 0.40 0.18 0.91 0.88
Uniform Delay, d1 24.2 22.5 24.6 28.0
Progression Factor 0.41 0.94 0.92 1.00
Incremental Delay, d2 0.4 0.2 11.1 15.3
Delay (s) 10.3 21.3 33.8 43.2
Level of Service B C C D
Approach Delay (s) 16.2 33.8 0.0 43.2
Approach LOS B C A D


Intersection Summary
HCM Average Control Delay 31.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 24.3
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Proposed Project
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 167 409 1 231
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 29.0 40.0 29.0 29.0 12.0 20.0 8.0 33.0 9.0
Total Split (%) 32.2% 44.4% 32.2% 32.2% 13% 22% 9% 37% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 26.1 34.8 19.6 19.6
Actuated g/C Ratio 0.31 0.41 0.23 0.23
v/c Ratio 0.52 0.91 0.72 0.74
Control Delay 20.8 41.3 40.6 44.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 20.8 41.3 40.6 44.3
LOS C D D D
Approach Delay 20.8 41.3 42.2
Approach LOS C D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 37.6 Intersection LOS: D
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing + Proposed Project
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 113 167 0 0 409 241 281 1 231 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1826 1769 1774 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1826 1769 1774 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 119 176 0 0 431 254 296 1 243 0 0 0
RTOR Reduction (vph) 0 0 0 0 23 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 295 0 0 662 0 0 297 243 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 26.1 34.8 19.5 19.5
Effective Green, g (s) 26.1 34.8 19.5 19.5
Actuated g/C Ratio 0.30 0.40 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 548 708 398 318
v/s Ratio Prot 0.16 c0.37 0.17 c0.17
v/s Ratio Perm
v/c Ratio 0.54 0.93 0.75 0.76
Uniform Delay, d1 25.4 25.0 31.4 31.5
Progression Factor 0.63 1.00 1.00 1.00
Incremental Delay, d2 0.9 19.4 7.4 10.4
Delay (s) 17.0 44.4 38.8 42.0
Level of Service B D D D
Approach Delay (s) 17.0 44.4 40.2 0.0
Approach LOS B D D A


Intersection Summary
HCM Average Control Delay 37.6 HCM Level of Service D
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 32.6
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Proposed Project
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 42 1 2 68 23 14
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 44 1 2 72 24 15
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 74 127 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 127 38
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 97 99
cM capacity (veh/h) 1526 842 1034


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 45 74 39
Volume Left 44 0 24
Volume Right 0 72 15
cSH 1526 1700 906
Volume to Capacity 0.03 0.04 0.04
Queue Length 95th (ft) 2 0 3
Control Delay (s) 7.3 0.0 9.2
Lane LOS A A
Approach Delay (s) 7.3 0.0 9.2
Approach LOS A


Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Proposed Project
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 43 0 0 32
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 45 0 0 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 91 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 91 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 97
cM capacity (veh/h) 1623 884 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 45 34
Volume Left 0 45 0
Volume Right 0 0 34
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.03
Queue Length 95th (ft) 0 2 2
Control Delay (s) 0.0 7.3 8.4
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.4
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Proposed Project
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 16 17 19 212 348 13
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 17 18 20 223 366 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 636 373 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 636 373 380
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 434 673 1178


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 35 243 380
Volume Left 17 20 0
Volume Right 18 0 14
cSH 531 1178 1700
Volume to Capacity 0.07 0.02 0.22
Queue Length 95th (ft) 5 1 0
Control Delay (s) 12.2 0.8 0.0
Lane LOS B A
Approach Delay (s) 12.2 0.8 0.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Proposed Project
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 31 35 60 47 122 54 374 103 277
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 21.0 21.0 21.0 21.0 19.0 14.0 29.0 19.0 34.0
Total Split (%) 23.3% 23.3% 23.3% 23.3% 21.1% 15.6% 32.2% 21.1% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.4 9.4 9.6 9.6 19.4 10.0 18.2 11.7 21.7
Actuated g/C Ratio 0.21 0.21 0.21 0.21 0.42 0.22 0.40 0.26 0.47
v/c Ratio 0.10 0.15 0.10 0.12 0.19 0.16 0.32 0.27 0.20
Control Delay 23.9 12.0 22.6 23.5 3.6 23.5 16.9 22.4 13.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.9 12.0 22.6 23.5 3.6 23.5 16.9 22.4 13.3
LOS C B C C A C B C B
Approach Delay 14.9 12.7 17.6 15.6
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 45.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.32
Intersection Signal Delay: 15.8 Intersection LOS: B
Intersection Capacity Utilization 37.0% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Existing + Proposed Project
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 31 35 64 60 47 122 54 374 53 103 277 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3197 3072 1863 1417 1583 3473 1583 3487
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3197 3072 1863 1417 1583 3473 1583 3487
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 33 37 67 63 49 128 57 394 56 108 292 32
RTOR Reduction (vph) 0 60 0 0 0 97 0 11 0 0 9 0
Lane Group Flow (vph) 33 44 0 63 49 31 57 439 0 108 315 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 4.8 4.8 5.0 5.0 11.8 4.1 15.6 6.8 18.3
Effective Green, g (s) 4.8 4.8 5.0 5.0 11.8 4.1 15.6 6.8 18.3
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.24 0.09 0.32 0.14 0.38
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 158 318 319 193 464 135 1124 223 1324
v/s Ratio Prot c0.02 0.01 0.02 c0.03 0.01 0.04 c0.13 c0.07 c0.09
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.14 0.20 0.25 0.07 0.42 0.39 0.48 0.24
Uniform Delay, d1 20.0 19.8 19.8 19.9 14.0 20.9 12.6 19.1 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.2 0.3 0.7 0.1 2.1 0.2 1.7 0.1
Delay (s) 20.6 20.0 20.1 20.6 14.0 23.1 12.8 20.7 10.3
Level of Service C C C C B C B C B
Approach Delay (s) 20.2 17.0 14.0 12.9
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 14.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 48.2 Sum of lost time (s) 20.0
Intersection Capacity Utilization 37.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 154 56 221 111 104 58 7
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 22.0 14.0 28.0 30.0 24.0 24.0 24.0
Total Split (%) 8.9% 24.4% 15.6% 31.1% 33.3% 26.7% 26.7% 26.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 6.2 10.9 10.1 15.7 12.8 11.7 11.7 11.7
Actuated g/C Ratio 0.14 0.25 0.23 0.36 0.29 0.27 0.27 0.27
v/c Ratio 0.02 0.20 0.16 0.32 0.34 0.26 0.12 0.02
Control Delay 27.2 20.3 23.2 9.0 19.1 21.9 20.3 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.2 20.3 23.2 9.0 19.1 21.9 20.3 13.0
LOS C C C A B C C B
Approach Delay 20.5 10.7 19.1 21.0
Approach LOS C B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.34
Intersection Signal Delay: 15.7 Intersection LOS: B
Intersection Capacity Utilization 44.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Existing + Proposed Project
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 154 12 56 221 179 20 111 41 104 58 7
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3500 1583 3302 1793 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3500 1583 3302 1793 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 162 13 59 233 188 21 117 43 109 61 7
RTOR Reduction (vph) 0 6 0 0 125 0 0 15 0 0 0 6
Lane Group Flow (vph) 4 169 0 59 296 0 0 166 0 109 61 1
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 12.3 3.9 15.7 7.8 6.9 6.9 6.9
Effective Green, g (s) 0.5 12.3 3.9 15.7 7.8 6.9 6.9 6.9
Actuated g/C Ratio 0.01 0.26 0.08 0.33 0.17 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 17 918 132 1105 298 233 274 208
v/s Ratio Prot 0.00 0.05 c0.04 c0.09 c0.09 c0.07 0.03
v/s Ratio Perm 0.00
v/c Ratio 0.24 0.18 0.45 0.27 0.56 0.47 0.22 0.00
Uniform Delay, d1 23.0 13.4 20.5 11.4 18.0 18.3 17.6 17.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.0 0.1 2.4 0.1 2.3 1.5 0.4 0.0
Delay (s) 30.0 13.5 22.9 11.5 20.2 19.8 18.0 17.1
Level of Service C B C B C B B B
Approach Delay (s) 13.9 12.9 20.2 19.1
Approach LOS B B C B


Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 46.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 7 322 77 237 93 11 139 5 26
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 34.0 22.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 37.8% 24.4% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.4 10.8 8.2 15.6 9.3 9.3 9.3
Actuated g/C Ratio 0.18 0.31 0.23 0.44 0.26 0.26 0.26
v/c Ratio 0.02 0.41 0.22 0.16 0.32 0.30 0.11
Control Delay 18.1 11.7 16.4 6.9 16.4 5.6 10.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.1 11.7 16.4 6.9 16.4 5.6 10.6
LOS B B B A B A B
Approach Delay 11.8 9.2 10.2 10.6
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 35.4
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.41
Intersection Signal Delay: 10.6 Intersection LOS: B
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Existing + Proposed Project
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 7 322 102 77 237 4 93 11 139 5 26 19
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1583 3412 1583 3531 1783 1417 1758
Flt Permitted 0.95 1.00 0.95 1.00 0.71 1.00 0.97
Satd. Flow (perm) 1583 3412 1583 3531 1326 1417 1717
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 7 339 107 81 249 4 98 12 146 5 27 20
RTOR Reduction (vph) 0 34 0 0 1 0 0 0 110 0 15 0
Lane Group Flow (vph) 7 412 0 81 252 0 0 110 36 0 37 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.9 12.2 4.3 15.6 9.3 9.3 9.3
Effective Green, g (s) 0.9 12.2 4.3 15.6 9.3 9.3 9.3
Actuated g/C Ratio 0.02 0.32 0.11 0.41 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 38 1101 180 1457 326 349 422
v/s Ratio Prot 0.00 c0.12 c0.05 c0.07
v/s Ratio Perm c0.08 0.03 0.02
v/c Ratio 0.18 0.37 0.45 0.17 0.34 0.10 0.09
Uniform Delay, d1 18.1 9.9 15.6 7.0 11.7 11.0 11.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.3 0.2 1.8 0.1 0.6 0.1 0.1
Delay (s) 20.4 10.1 17.4 7.1 12.3 11.2 11.1
Level of Service C B B A B B B
Approach Delay (s) 10.2 9.6 11.7 11.1
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 37.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 392 62 263 75 8 117 66 8
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 35.0 21.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 38.9% 23.3% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.2 11.0 7.7 13.4 8.5 8.5 8.5
Actuated g/C Ratio 0.19 0.34 0.24 0.42 0.26 0.26 0.26
v/c Ratio 0.00 0.39 0.17 0.21 0.25 0.26 0.23
Control Delay 17.0 10.4 14.7 6.5 14.8 5.6 14.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 17.0 10.4 14.7 6.5 14.8 5.6 14.2
LOS B B B A B A B
Approach Delay 10.4 7.9 9.4 14.2
Approach LOS B A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 32.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.39
Intersection Signal Delay: 9.7 Intersection LOS: A
Intersection Capacity Utilization 37.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Existing + Proposed Project
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 392 56 62 263 28 75 8 117 66 8 2
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3473 1583 3489 1782 1417 1779
Flt Permitted 0.95 1.00 0.95 1.00 0.69 1.00 0.71
Satd. Flow (perm) 1583 3473 1583 3489 1292 1417 1310
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 413 59 65 277 29 79 8 123 69 8 2
RTOR Reduction (vph) 0 13 0 0 10 0 0 0 93 0 2 0
Lane Group Flow (vph) 1 459 0 65 296 0 0 87 30 0 77 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 11.7 2.5 13.4 8.5 8.5 8.5
Effective Green, g (s) 0.8 11.7 2.5 13.4 8.5 8.5 8.5
Actuated g/C Ratio 0.02 0.34 0.07 0.39 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 36 1171 114 1347 316 347 321
v/s Ratio Prot 0.00 c0.13 c0.04 0.08
v/s Ratio Perm c0.07 0.02 0.06
v/c Ratio 0.03 0.39 0.57 0.22 0.28 0.09 0.24
Uniform Delay, d1 16.6 8.8 15.6 7.1 10.6 10.1 10.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.2 6.7 0.1 0.5 0.1 0.4
Delay (s) 16.9 9.0 22.3 7.2 11.1 10.2 10.9
Level of Service B A C A B B B
Approach Delay (s) 9.0 9.9 10.6 10.9
Approach LOS A A B B


Intersection Summary
HCM Average Control Delay 9.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 34.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 37.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 89 521 303 11 21 66
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 94 548 319 12 22 69
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 331 786 165
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 331 786 165
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 92 93 92
cM capacity (veh/h) 1226 304 850


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 94 274 274 213 118 92
Volume Left 94 0 0 0 0 22
Volume Right 0 0 0 0 12 69
cSH 1226 1700 1700 1700 1700 593
Volume to Capacity 0.08 0.16 0.16 0.13 0.07 0.15
Queue Length 95th (ft) 6 0 0 0 0 14
Control Delay (s) 8.2 0.0 0.0 0.0 0.0 12.2
Lane LOS A B
Approach Delay (s) 1.2 0.0 12.2
Approach LOS B


Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 30.1% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Proposed Project
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 135 346 52 173 196 221 32 174 257 235 112
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 10.0 31.0 31.0 14.0 35.0 35.0 8.0 32.0 13.0 37.0 37.0
Total Split (%) 11.1% 34.4% 34.4% 15.6% 38.9% 38.9% 8.9% 35.6% 14.4% 41.1% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 6.0 27.0 27.0 10.0 31.0 31.0 4.0 28.0 9.0 36.2 36.2
Actuated g/C Ratio 0.07 0.30 0.30 0.11 0.34 0.34 0.04 0.31 0.10 0.40 0.40
v/c Ratio 1.34 0.34 0.12 1.03 0.17 0.36 0.49 0.56 0.88 0.33 0.18
Control Delay 239.1 25.7 7.5 93.2 14.1 2.9 65.7 26.7 70.2 21.1 4.7
Queue Delay 0.0 0.1 0.0 0.0 0.0 1.2 0.0 0.0 5.0 0.0 0.0
Total Delay 239.1 25.8 7.5 93.2 14.1 4.1 65.7 26.7 75.2 21.1 4.7
LOS F C A F B A E C E C A
Approach Delay 78.0 33.5 30.4 41.1
Approach LOS E C C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 46.7 Intersection LOS: D
Intersection Capacity Utilization 59.1% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Existing + Proposed Project
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 135 346 52 173 196 221 32 174 133 257 235 112
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1742 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1742 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 142 364 55 182 206 233 34 183 140 271 247 118
RTOR Reduction (vph) 0 0 39 0 0 154 0 31 0 0 0 71
Lane Group Flow (vph) 142 364 16 182 206 79 34 292 0 271 247 47
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Effective Green, g (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Actuated g/C Ratio 0.07 0.29 0.29 0.11 0.34 0.34 0.03 0.31 0.12 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 104 1043 418 173 1198 480 41 532 355 736 560
v/s Ratio Prot 0.09 c0.10 c0.11 0.06 0.02 c0.17 c0.09 0.13
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 1.37 0.35 0.04 1.05 0.17 0.16 0.83 0.55 0.76 0.34 0.08
Uniform Delay, d1 42.8 25.4 23.0 40.8 21.3 21.2 44.4 26.5 39.3 19.3 17.3
Progression Factor 1.00 1.00 1.00 0.78 0.67 0.67 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 214.1 0.2 0.0 63.5 0.0 0.1 76.2 1.2 9.4 0.3 0.1
Delay (s) 256.9 25.6 23.1 95.5 14.3 14.2 120.6 27.7 48.7 19.6 17.4
Level of Service F C C F B B F C D B B
Approach Delay (s) 83.9 38.1 36.6 31.6
Approach LOS F D D C


Intersection Summary
HCM Average Control Delay 47.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 59.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


PM Existing + Proposed Project
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 346 430 351 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 31.0 31.0 35.0 37.0 13.0 32.0 14.0 8.0 10.0
Total Split (%) 34.4% 34.4% 38.9% 41.1% 14% 36% 16% 9% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.30 0.30 0.34 0.40
v/c Ratio 0.65 0.61 0.97 0.68
Control Delay 18.7 6.9 52.3 29.4
Queue Delay 4.5 1.0 0.0 0.0
Total Delay 23.2 8.0 52.3 29.4
LOS C A D C
Approach Delay 14.7 52.3 29.4
Approach LOS B D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 30.4 Intersection LOS: C
Intersection Capacity Utilization 96.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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PM Existing + Proposed Project
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 346 430 228 351 0 0 0 0 211 0 228
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.93
Flt Protected 1.00 1.00 0.98 0.98
Satd. Flow (prot) 1863 1417 1827 1691
Flt Permitted 1.00 1.00 0.98 0.98
Satd. Flow (perm) 1863 1417 1827 1691
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 364 453 240 369 0 0 0 0 222 0 240
RTOR Reduction (vph) 0 0 319 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 364 134 0 609 0 0 0 0 0 462 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 27.0 27.0 31.0 36.2
Effective Green, g (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.29 0.29 0.34 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 549 418 618 668
v/s Ratio Prot 0.20 c0.33
v/s Ratio Perm 0.09 0.27
v/c Ratio 0.66 0.32 0.99 0.69
Uniform Delay, d1 28.3 25.1 30.1 23.1
Progression Factor 0.49 1.35 0.93 1.00
Incremental Delay, d2 2.6 0.4 26.4 3.1
Delay (s) 16.4 34.2 54.5 26.2
Level of Service B C D C
Approach Delay (s) 26.3 54.5 0.0 26.2
Approach LOS C D A C


Intersection Summary
HCM Average Control Delay 35.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 28.4
Intersection Capacity Utilization 96.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Proposed Project
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 384 369 3 451
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 31.0 35.0 32.0 32.0 13.0 14.0 8.0 37.0 10.0
Total Split (%) 34.4% 38.9% 35.6% 35.6% 14% 16% 9% 41% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.30 0.34 0.31 0.31
v/c Ratio 1.05 0.87 0.41 1.08
Control Delay 71.5 43.0 27.4 97.2
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 71.5 43.0 27.4 97.2
LOS E D C F
Approach Delay 71.5 43.0 74.5
Approach LOS E D E


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 64.1 Intersection LOS: E
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Existing + Proposed Project
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 168 384 0 0 369 156 215 3 451 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1835 1788 1775 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1835 1788 1775 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 177 404 0 0 388 164 226 3 475 0 0 0
RTOR Reduction (vph) 0 0 0 0 17 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 581 0 0 535 0 0 229 475 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 27.0 31.0 28.0 28.0
Effective Green, g (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.29 0.34 0.31 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 605 543 433
v/s Ratio Prot c0.32 0.30 0.13 c0.34
v/s Ratio Perm
v/c Ratio 1.07 0.88 0.42 1.10
Uniform Delay, d1 32.3 28.6 25.3 31.8
Progression Factor 0.63 1.00 1.00 1.00
Incremental Delay, d2 55.0 14.4 0.5 72.1
Delay (s) 75.3 43.0 25.9 103.9
Level of Service E D C F
Approach Delay (s) 75.3 43.0 78.5 0.0
Approach LOS E D E A


Intersection Summary
HCM Average Control Delay 66.8 HCM Level of Service E
HCM Volume to Capacity ratio 1.09
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 36.6
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Proposed Project
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 26 1 2 42 88 39
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 27 1 2 44 93 41
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 46 80 24
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 46 80 24
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 90 96
cM capacity (veh/h) 1561 906 1052


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 28 46 134
Volume Left 27 0 93
Volume Right 0 44 41
cSH 1561 1700 947
Volume to Capacity 0.02 0.03 0.14
Queue Length 95th (ft) 1 0 12
Control Delay (s) 7.1 0.0 9.4
Lane LOS A A
Approach Delay (s) 7.1 0.0 9.4
Approach LOS A


Intersection Summary
Average Delay 7.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Proposed Project
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 31 0 0 78
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 33 0 0 82
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 65 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 65 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 92
cM capacity (veh/h) 1623 921 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 33 82
Volume Left 0 33 0
Volume Right 0 0 82
cSH 1700 1623 1085
Volume to Capacity 0.00 0.02 0.08
Queue Length 95th (ft) 0 2 6
Control Delay (s) 0.0 7.3 8.6
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.6
Approach LOS A


Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Proposed Project
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 29 11 432 407 19
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 45 31 12 455 428 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 916 438 448
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 916 438 448
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 85 95 99
cM capacity (veh/h) 299 618 1112


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 76 466 448
Volume Left 45 12 0
Volume Right 31 0 20
cSH 378 1112 1700
Volume to Capacity 0.20 0.01 0.26
Queue Length 95th (ft) 18 1 0
Control Delay (s) 16.9 0.3 0.0
Lane LOS C A
Approach Delay (s) 16.9 0.3 0.0
Approach LOS C


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Proposed Project
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 12 8 73 27 97 19 344 139 613
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 22.0 11.0 28.0 22.0 39.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 24.4% 12.2% 31.1% 24.4% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.7 8.7 9.4 9.4 17.8 8.8 17.0 12.5 28.1
Actuated g/C Ratio 0.22 0.22 0.24 0.24 0.45 0.22 0.43 0.32 0.72
v/c Ratio 0.04 0.03 0.11 0.06 0.15 0.06 0.28 0.29 0.26
Control Delay 23.6 16.4 20.9 22.2 3.4 23.6 14.2 18.9 7.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.6 16.4 20.9 22.2 3.4 23.6 14.2 18.9 7.2
LOS C B C C A C B B A
Approach Delay 19.2 12.4 14.6 9.3
Approach LOS B B B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 39.3
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.29
Intersection Signal Delay: 11.5 Intersection LOS: B
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Existing + Proposed Project
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 8 12 73 27 97 19 344 57 139 613 17
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3211 3072 1863 1417 1583 3464 1583 3525
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3211 3072 1863 1417 1583 3464 1583 3525
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 13 8 13 77 28 102 20 362 60 146 645 18
RTOR Reduction (vph) 0 12 0 0 0 77 0 13 0 0 2 0
Lane Group Flow (vph) 13 9 0 77 28 26 20 409 0 146 661 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 1.8 1.8 3.4 3.4 11.5 0.9 16.7 8.1 23.9
Effective Green, g (s) 1.8 1.8 3.4 3.4 11.5 0.9 16.7 8.1 23.9
Actuated g/C Ratio 0.04 0.04 0.07 0.07 0.25 0.02 0.36 0.18 0.52
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 126 227 138 477 31 1258 279 1831
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.01 0.01 0.12 c0.09 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.07 0.34 0.20 0.05 0.65 0.33 0.52 0.36
Uniform Delay, d1 21.4 21.3 20.2 20.0 13.1 22.4 10.6 17.2 6.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.7 0.2 0.9 0.7 0.0 37.9 0.2 1.8 0.1
Delay (s) 23.1 21.5 21.1 20.8 13.2 60.3 10.7 19.0 6.7
Level of Service C C C C B E B B A
Approach Delay (s) 22.1 17.2 13.0 8.9
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 11.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 46.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 208 38 155 104 137 114 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 9.0 22.0 13.0 26.0 30.0 25.0 25.0 25.0
Total Split (%) 10.0% 24.4% 14.4% 28.9% 33.3% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 7.6 11.9 9.5 14.1 13.1 13.1 13.1 13.1
Actuated g/C Ratio 0.17 0.27 0.22 0.32 0.30 0.30 0.30 0.30
v/c Ratio 0.01 0.25 0.12 0.29 0.35 0.30 0.21 0.03
Control Delay 28.0 19.5 24.7 9.2 18.1 21.1 19.7 11.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.0 19.5 24.7 9.2 18.1 21.1 19.7 11.7
LOS C B C A B C B B
Approach Delay 19.7 10.8 18.1 20.1
Approach LOS B B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.7
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.35
Intersection Signal Delay: 16.5 Intersection LOS: B
Intersection Capacity Utilization 44.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Existing + Proposed Project
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 208 19 38 155 163 12 104 65 137 114 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.92 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3495 1583 3267 1767 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3495 1583 3267 1767 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 219 20 40 163 172 13 109 68 144 120 11
RTOR Reduction (vph) 0 7 0 0 120 0 0 26 0 0 0 9
Lane Group Flow (vph) 4 232 0 40 215 0 0 164 0 144 120 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.6 12.5 2.2 14.1 8.1 8.1 8.1 8.1
Effective Green, g (s) 0.6 12.5 2.2 14.1 8.1 8.1 8.1 8.1
Actuated g/C Ratio 0.01 0.27 0.05 0.30 0.17 0.17 0.17 0.17
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 20 932 74 982 305 273 322 245
v/s Ratio Prot 0.00 c0.07 c0.03 0.07 c0.09 c0.09 0.06
v/s Ratio Perm 0.00
v/c Ratio 0.20 0.25 0.54 0.22 0.54 0.53 0.37 0.01
Uniform Delay, d1 22.9 13.5 21.9 12.3 17.7 17.7 17.2 16.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.9 0.1 7.8 0.1 1.8 1.8 0.7 0.0
Delay (s) 27.8 13.7 29.7 12.4 19.5 19.5 17.9 16.1
Level of Service C B C B B B B B
Approach Delay (s) 13.9 14.2 19.5 18.7
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 16.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 46.9 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Proposed Project
DIAGRAM AND TRAFFIC FLOWS:


334 0 106
(228) () (211)


113 (168) 241 (156)
213 (346) 440 (351) 167 (384) 409 (369)
241 (430) 198 (228)


281 1 231
(215) (3) (451)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 440
Intersection #5 Intersection #6 (439)


213 (346) Intersection #6
280 (552) 638 (579) 650 (525)


241 (430)
Intersection #5


282 231
(218) (451)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


280 (552) 650 (579) 440 (451)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1370 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1582) (PM) At Capacity X - > 1,200 but < 1,500 ILV/HR.
- X > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


5
6


Signal


Signal RTOL


65


N


Bradley Ave
Bradley Ave


SR-67 SB Ramp


SR-67 NB Ramp
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Appendix L 
 
Existing (Year 2011) + Alternative A LOS & ILV Calculations 
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AM Existing + Alternative A
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 21 224 88 393 83 24 68 2 4
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 29.0 26.0 43.0 35.0 35.0 35.0 35.0 35.0
Total Split (%) 13.3% 32.2% 28.9% 47.8% 38.9% 38.9% 38.9% 38.9% 38.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.6 9.1 8.2 13.8 8.8 8.8 8.8
Actuated g/C Ratio 0.20 0.27 0.25 0.42 0.27 0.27 0.27
v/c Ratio 0.07 0.29 0.24 0.28 0.29 0.17 0.03
Control Delay 15.9 11.8 14.6 7.8 14.6 5.5 9.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.9 11.8 14.6 7.8 14.6 5.5 9.9
LOS B B B A B A A
Approach Delay 12.1 9.1 11.0 9.9
Approach LOS B A B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 33.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.29
Intersection Signal Delay: 10.4 Intersection LOS: B
Intersection Capacity Utilization 36.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Existing + Alternative A
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 21 224 42 88 393 2 83 24 68 2 4 6
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.85 0.93
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3456 1583 3537 1793 1417 1723
Flt Permitted 0.95 1.00 0.95 1.00 0.77 1.00 0.96
Satd. Flow (perm) 1583 3456 1583 3537 1428 1417 1661
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 22 236 44 93 414 2 87 25 72 2 4 6
RTOR Reduction (vph) 0 17 0 0 1 0 0 0 54 0 5 0
Lane Group Flow (vph) 22 263 0 93 415 0 0 112 18 0 7 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.1 10.5 4.4 13.8 8.8 8.8 8.8
Effective Green, g (s) 1.1 10.5 4.4 13.8 8.8 8.8 8.8
Actuated g/C Ratio 0.03 0.29 0.12 0.39 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 49 1016 195 1367 352 349 409
v/s Ratio Prot 0.01 0.08 c0.06 c0.12
v/s Ratio Perm c0.08 0.01 0.00
v/c Ratio 0.45 0.26 0.48 0.30 0.32 0.05 0.02
Uniform Delay, d1 17.0 9.6 14.6 7.6 11.0 10.3 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.4 0.1 1.8 0.1 0.5 0.1 0.0
Delay (s) 23.4 9.8 16.4 7.7 11.5 10.3 10.2
Level of Service C A B A B B B
Approach Delay (s) 10.8 9.3 11.1 10.2
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 35.7 Sum of lost time (s) 12.0
Intersection Capacity Utilization 36.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 236 67 433 50 10 68 25 3
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 18.0 41.0 18.0 41.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 20.0% 45.6% 20.0% 45.6% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.0 9.1 7.4 11.5 7.4 7.4 7.4
Actuated g/C Ratio 0.21 0.31 0.26 0.40 0.26 0.26 0.26
v/c Ratio 0.00 0.28 0.17 0.37 0.18 0.17 0.08
Control Delay 14.0 8.9 12.4 7.3 12.6 5.7 11.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 14.0 8.9 12.4 7.3 12.6 5.7 11.8
LOS B A B A B A B
Approach Delay 8.9 8.0 8.9 11.8
Approach LOS A A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 28.9
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.37
Intersection Signal Delay: 8.5 Intersection LOS: A
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Existing + Alternative A
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 236 64 67 433 50 50 10 68 25 3 1
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.98 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3426 1583 3484 1789 1417 1777
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.76
Satd. Flow (perm) 1583 3426 1583 3484 1405 1417 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 248 67 71 456 53 53 11 72 26 3 1
RTOR Reduction (vph) 0 32 0 0 11 0 0 0 55 0 1 0
Lane Group Flow (vph) 1 283 0 71 498 0 0 64 17 0 29 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 9.7 2.5 11.4 7.4 7.4 7.4
Effective Green, g (s) 0.8 9.7 2.5 11.4 7.4 7.4 7.4
Actuated g/C Ratio 0.03 0.31 0.08 0.36 0.23 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 40 1052 125 1257 329 332 330
v/s Ratio Prot 0.00 0.08 c0.04 c0.14
v/s Ratio Perm c0.05 0.01 0.02
v/c Ratio 0.02 0.27 0.57 0.40 0.19 0.05 0.09
Uniform Delay, d1 15.0 8.3 14.0 7.5 9.7 9.4 9.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.1 5.8 0.2 0.3 0.1 0.1
Delay (s) 15.3 8.4 19.8 7.7 10.0 9.4 9.6
Level of Service B A B A A A A
Approach Delay (s) 8.4 9.2 9.7 9.6
Approach LOS A A A A


Intersection Summary
HCM Average Control Delay 9.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.31
Actuated Cycle Length (s) 31.6 Sum of lost time (s) 8.0
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 52 267 513 27 15 59
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 55 281 540 28 16 62
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked 1.00 1.00 1.00
vC, conflicting volume 568 804 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 563 799 278
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 95 95 91
cM capacity (veh/h) 1003 305 718


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 55 141 141 360 208 78
Volume Left 55 0 0 0 0 16
Volume Right 0 0 0 0 28 62
cSH 1003 1700 1700 1700 1700 563
Volume to Capacity 0.05 0.08 0.08 0.21 0.12 0.14
Queue Length 95th (ft) 4 0 0 0 0 12
Control Delay (s) 8.8 0.0 0.0 0.0 0.0 12.4
Lane LOS A B
Approach Delay (s) 1.4 0.0 12.4
Approach LOS B


Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.4% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Alternative A
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 81 179 43 139 374 202 39 96 193 162 152
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 9.0 29.0 29.0 20.0 40.0 40.0 8.0 29.0 12.0 33.0 33.0
Total Split (%) 10.0% 32.2% 32.2% 22.2% 44.4% 44.4% 8.9% 32.2% 13.3% 36.7% 36.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 5.1 26.1 26.1 16.4 34.8 34.8 4.0 19.6 8.7 27.8 27.8
Actuated g/C Ratio 0.06 0.31 0.31 0.19 0.41 0.41 0.05 0.23 0.10 0.33 0.33
v/c Ratio 0.89 0.17 0.10 0.47 0.27 0.30 0.54 0.43 0.64 0.28 0.28
Control Delay 112.8 25.2 8.3 28.2 11.3 3.1 69.2 23.3 48.5 23.5 5.3
Queue Delay 0.0 0.0 0.0 1.2 0.6 0.9 0.0 0.0 0.0 0.0 0.0
Total Delay 112.8 25.2 8.3 29.4 11.9 3.9 69.2 23.3 48.5 23.5 5.3
LOS F C A C B A E C D C A
Approach Delay 46.2 13.1 31.4 27.6
Approach LOS D B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 25.3 Intersection LOS: C
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Existing + Alternative A
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 81 179 43 139 374 202 39 96 85 193 162 152
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1732 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1732 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 85 188 45 146 394 213 41 101 89 203 171 160
RTOR Reduction (vph) 0 0 31 0 0 128 0 38 0 0 0 109
Lane Group Flow (vph) 85 188 14 146 394 85 41 152 0 203 171 51
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.1 26.1 26.1 14.8 34.8 34.8 2.2 19.5 10.5 27.8 27.8
Effective Green, g (s) 6.1 26.1 26.1 14.8 34.8 34.8 2.2 19.5 10.5 27.8 27.8
Actuated g/C Ratio 0.07 0.30 0.30 0.17 0.40 0.40 0.03 0.22 0.12 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 111 1063 426 270 1417 567 40 389 371 596 453
v/s Ratio Prot c0.05 0.05 c0.09 c0.11 c0.03 c0.09 c0.07 0.09
v/s Ratio Perm 0.01 0.06 0.04
v/c Ratio 0.77 0.18 0.03 0.54 0.28 0.15 1.02 0.39 0.55 0.29 0.11
Uniform Delay, d1 39.7 22.5 21.5 32.9 17.6 16.6 42.4 28.6 36.0 22.1 20.9
Progression Factor 1.00 1.00 1.00 0.80 0.64 0.90 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 26.4 0.1 0.0 1.1 0.1 0.1 149.8 0.7 1.7 0.3 0.1
Delay (s) 66.1 22.5 21.5 27.5 11.3 15.0 192.2 29.3 37.6 22.4 21.0
Level of Service E C C C B B F C D C C
Approach Delay (s) 34.1 15.5 58.2 27.8
Approach LOS C B E C


Intersection Summary
HCM Average Control Delay 27.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 20.0
Intersection Capacity Utilization 45.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


AM Existing + Alternative A
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 213 241 440 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 29.0 29.0 40.0 33.0 12.0 29.0 20.0 8.0 9.0
Total Split (%) 32.2% 32.2% 44.4% 36.7% 13% 32% 22% 9% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 26.1 26.1 34.8 27.8
Actuated g/C Ratio 0.31 0.31 0.41 0.33
v/c Ratio 0.39 0.41 0.89 0.85
Control Delay 12.9 5.5 33.4 43.9
Queue Delay 0.5 0.5 0.0 0.0
Total Delay 13.3 5.9 33.5 43.9
LOS B A C D
Approach Delay 9.4 33.5 43.9
Approach LOS A C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 29.3 Intersection LOS: C
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Existing + Alternative A
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 213 241 198 440 0 0 0 0 106 0 333
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.90
Flt Protected 1.00 1.00 0.98 0.99
Satd. Flow (prot) 1863 1417 1834 1652
Flt Permitted 1.00 1.00 0.98 0.99
Satd. Flow (perm) 1863 1417 1834 1652
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 224 254 208 463 0 0 0 0 112 0 351
RTOR Reduction (vph) 0 0 178 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 224 76 0 671 0 0 0 0 0 463 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 26.1 26.1 34.8 27.8
Effective Green, g (s) 26.1 26.1 34.8 27.8
Actuated g/C Ratio 0.30 0.30 0.40 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 560 426 734 528
v/s Ratio Prot 0.12 c0.37
v/s Ratio Perm 0.05 0.28
v/c Ratio 0.40 0.18 0.91 0.88
Uniform Delay, d1 24.2 22.5 24.6 27.9
Progression Factor 0.41 0.94 0.92 1.00
Incremental Delay, d2 0.4 0.2 11.1 15.1
Delay (s) 10.4 21.3 33.8 43.0
Level of Service B C C D
Approach Delay (s) 16.2 33.8 0.0 43.0
Approach LOS B C A D


Intersection Summary
HCM Average Control Delay 31.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 24.3
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Alternative A
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 166 409 1 231
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 29.0 40.0 29.0 29.0 12.0 20.0 8.0 33.0 9.0
Total Split (%) 32.2% 44.4% 32.2% 32.2% 13% 22% 9% 37% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 26.1 34.8 19.6 19.6
Actuated g/C Ratio 0.31 0.41 0.23 0.23
v/c Ratio 0.52 0.91 0.72 0.74
Control Delay 20.8 41.3 40.6 44.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 20.8 41.3 40.6 44.3
LOS C D D D
Approach Delay 20.8 41.3 42.2
Approach LOS C D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.3
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.91
Intersection Signal Delay: 37.6 Intersection LOS: D
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing + Alternative A
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 114 166 0 0 409 241 281 1 231 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1826 1769 1774 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1826 1769 1774 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 120 175 0 0 431 254 296 1 243 0 0 0
RTOR Reduction (vph) 0 0 0 0 23 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 295 0 0 662 0 0 297 243 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 26.1 34.8 19.5 19.5
Effective Green, g (s) 26.1 34.8 19.5 19.5
Actuated g/C Ratio 0.30 0.40 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 548 708 398 318
v/s Ratio Prot 0.16 c0.37 0.17 c0.17
v/s Ratio Perm
v/c Ratio 0.54 0.93 0.75 0.76
Uniform Delay, d1 25.4 25.0 31.4 31.5
Progression Factor 0.63 1.00 1.00 1.00
Incremental Delay, d2 0.9 19.4 7.4 10.4
Delay (s) 17.0 44.4 38.8 42.0
Level of Service B D D D
Approach Delay (s) 17.0 44.4 40.2 0.0
Approach LOS B D D A


Intersection Summary
HCM Average Control Delay 37.6 HCM Level of Service D
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 86.9 Sum of lost time (s) 32.6
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Alternative A
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 40 1 2 68 23 13
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 1 2 72 24 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 74 123 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 123 38
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 97 99
cM capacity (veh/h) 1526 848 1034


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 43 74 38
Volume Left 42 0 24
Volume Right 0 72 14
cSH 1526 1700 907
Volume to Capacity 0.03 0.04 0.04
Queue Length 95th (ft) 2 0 3
Control Delay (s) 7.3 0.0 9.1
Lane LOS A A
Approach Delay (s) 7.3 0.0 9.1
Approach LOS A


Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 19.1% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Alternative A
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 42 0 0 31
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 44 0 0 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 88 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 88 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 97
cM capacity (veh/h) 1623 887 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 44 33
Volume Left 0 44 0
Volume Right 0 0 33
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.03
Queue Length 95th (ft) 0 2 2
Control Delay (s) 0.0 7.3 8.4
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.4
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Alternative A
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 16 16 19 212 348 12
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 17 17 20 223 366 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 636 373 379
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 636 373 379
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 435 673 1180


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 34 243 379
Volume Left 17 20 0
Volume Right 17 0 13
cSH 528 1180 1700
Volume to Capacity 0.06 0.02 0.22
Queue Length 95th (ft) 5 1 0
Control Delay (s) 12.3 0.8 0.0
Lane LOS B A
Approach Delay (s) 12.3 0.8 0.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15


Gillespie Field Traffic Impact Study Appendix Page 133 of 296







AM Existing + Alternative A
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 31 35 60 47 122 54 374 103 277
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 21.0 21.0 21.0 21.0 19.0 14.0 29.0 19.0 34.0
Total Split (%) 23.3% 23.3% 23.3% 23.3% 21.1% 15.6% 32.2% 21.1% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.5 9.5 9.7 9.7 19.5 10.1 18.2 11.7 21.7
Actuated g/C Ratio 0.21 0.21 0.21 0.21 0.43 0.22 0.40 0.26 0.47
v/c Ratio 0.10 0.15 0.10 0.12 0.19 0.16 0.32 0.27 0.20
Control Delay 23.9 12.0 22.6 23.5 3.6 23.5 16.9 22.4 13.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.9 12.0 22.6 23.5 3.6 23.5 16.9 22.4 13.3
LOS C B C C A C B C B
Approach Delay 14.8 12.7 17.6 15.6
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 45.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.32
Intersection Signal Delay: 15.8 Intersection LOS: B
Intersection Capacity Utilization 37.0% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Existing + Alternative A
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 31 35 64 60 47 122 54 374 52 103 277 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3197 3072 1863 1417 1583 3474 1583 3487
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3197 3072 1863 1417 1583 3474 1583 3487
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 33 37 67 63 49 128 57 394 55 108 292 32
RTOR Reduction (vph) 0 60 0 0 0 97 0 11 0 0 9 0
Lane Group Flow (vph) 33 44 0 63 49 31 57 438 0 108 315 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 4.8 4.8 5.0 5.0 11.8 4.1 15.6 6.8 18.3
Effective Green, g (s) 4.8 4.8 5.0 5.0 11.8 4.1 15.6 6.8 18.3
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.24 0.09 0.32 0.14 0.38
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 158 318 319 193 464 135 1124 223 1324
v/s Ratio Prot c0.02 0.01 0.02 c0.03 0.01 0.04 c0.13 c0.07 c0.09
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.14 0.20 0.25 0.07 0.42 0.39 0.48 0.24
Uniform Delay, d1 20.0 19.8 19.8 19.9 14.0 20.9 12.6 19.1 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.2 0.3 0.7 0.1 2.1 0.2 1.7 0.1
Delay (s) 20.6 20.0 20.1 20.6 14.0 23.1 12.8 20.7 10.3
Level of Service C C C C B C B C B
Approach Delay (s) 20.2 17.0 14.0 12.9
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 14.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 48.2 Sum of lost time (s) 20.0
Intersection Capacity Utilization 37.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 153 56 221 111 104 58 7
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 22.0 14.0 28.0 30.0 24.0 24.0 24.0
Total Split (%) 8.9% 24.4% 15.6% 31.1% 33.3% 26.7% 26.7% 26.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 6.2 10.9 10.2 15.6 12.9 11.7 11.7 11.7
Actuated g/C Ratio 0.14 0.25 0.23 0.36 0.29 0.27 0.27 0.27
v/c Ratio 0.02 0.20 0.16 0.32 0.33 0.26 0.12 0.02
Control Delay 27.2 20.3 23.2 9.0 19.1 21.9 20.3 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.2 20.3 23.2 9.0 19.1 21.9 20.3 13.0
LOS C C C A B C C B
Approach Delay 20.5 10.7 19.1 21.0
Approach LOS C B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.33
Intersection Signal Delay: 15.7 Intersection LOS: B
Intersection Capacity Utilization 44.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Existing + Alternative A
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 153 12 56 221 179 20 111 41 104 58 7
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3500 1583 3302 1793 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3500 1583 3302 1793 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 161 13 59 233 188 21 117 43 109 61 7
RTOR Reduction (vph) 0 6 0 0 125 0 0 15 0 0 0 6
Lane Group Flow (vph) 4 168 0 59 296 0 0 166 0 109 61 1
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 12.2 3.9 15.6 7.8 6.9 6.9 6.9
Effective Green, g (s) 0.5 12.2 3.9 15.6 7.8 6.9 6.9 6.9
Actuated g/C Ratio 0.01 0.26 0.08 0.33 0.17 0.15 0.15 0.15
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 17 912 132 1101 299 233 275 209
v/s Ratio Prot 0.00 0.05 c0.04 c0.09 c0.09 c0.07 0.03
v/s Ratio Perm 0.00
v/c Ratio 0.24 0.18 0.45 0.27 0.56 0.47 0.22 0.00
Uniform Delay, d1 23.0 13.4 20.4 11.4 17.9 18.3 17.6 17.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.0 0.1 2.4 0.1 2.2 1.5 0.4 0.0
Delay (s) 30.0 13.5 22.8 11.6 20.1 19.8 18.0 17.0
Level of Service C B C B C B B B
Approach Delay (s) 13.9 12.9 20.1 19.0
Approach LOS B B C B


Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 46.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 6 321 76 236 93 11 139 5 26
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 34.0 22.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 37.8% 24.4% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.4 10.8 8.1 15.6 9.3 9.3 9.3
Actuated g/C Ratio 0.18 0.31 0.23 0.44 0.26 0.26 0.26
v/c Ratio 0.02 0.41 0.22 0.16 0.31 0.30 0.11
Control Delay 18.2 11.6 16.5 6.8 16.3 5.5 10.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.2 11.6 16.5 6.8 16.3 5.5 10.7
LOS B B B A B A B
Approach Delay 11.7 9.2 10.2 10.7
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 35.3
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.41
Intersection Signal Delay: 10.5 Intersection LOS: B
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Existing + Alternative A
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 6 321 102 76 236 4 93 11 139 5 26 18
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1583 3412 1583 3531 1783 1417 1760
Flt Permitted 0.95 1.00 0.95 1.00 0.71 1.00 0.97
Satd. Flow (perm) 1583 3412 1583 3531 1328 1417 1719
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 6 338 107 80 248 4 98 12 146 5 27 19
RTOR Reduction (vph) 0 35 0 0 1 0 0 0 110 0 14 0
Lane Group Flow (vph) 6 410 0 80 251 0 0 110 36 0 37 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.9 12.2 4.3 15.6 9.3 9.3 9.3
Effective Green, g (s) 0.9 12.2 4.3 15.6 9.3 9.3 9.3
Actuated g/C Ratio 0.02 0.32 0.11 0.41 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 38 1101 180 1457 327 349 423
v/s Ratio Prot 0.00 c0.12 c0.05 c0.07
v/s Ratio Perm c0.08 0.03 0.02
v/c Ratio 0.16 0.37 0.44 0.17 0.34 0.10 0.09
Uniform Delay, d1 18.1 9.9 15.6 7.0 11.7 11.0 11.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 0.2 1.7 0.1 0.6 0.1 0.1
Delay (s) 20.0 10.1 17.4 7.1 12.3 11.2 11.1
Level of Service C B B A B B B
Approach Delay (s) 10.2 9.6 11.7 11.1
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 37.8 Sum of lost time (s) 16.0
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 391 62 261 75 8 117 65 9
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 35.0 21.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 38.9% 23.3% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.2 11.1 7.7 13.5 8.6 8.6 8.6
Actuated g/C Ratio 0.19 0.34 0.24 0.42 0.27 0.27 0.27
v/c Ratio 0.00 0.39 0.17 0.21 0.25 0.26 0.22
Control Delay 17.0 10.4 14.8 6.5 14.7 5.6 14.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 17.0 10.4 14.8 6.5 14.7 5.6 14.1
LOS B B B A B A B
Approach Delay 10.4 8.0 9.4 14.1
Approach LOS B A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 32.3
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.39
Intersection Signal Delay: 9.7 Intersection LOS: A
Intersection Capacity Utilization 37.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Existing + Alternative A
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 391 56 62 261 28 75 8 117 65 9 2
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3473 1583 3489 1782 1417 1780
Flt Permitted 0.95 1.00 0.95 1.00 0.70 1.00 0.71
Satd. Flow (perm) 1583 3473 1583 3489 1295 1417 1320
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 412 59 65 275 29 79 8 123 68 9 2
RTOR Reduction (vph) 0 13 0 0 10 0 0 0 93 0 2 0
Lane Group Flow (vph) 1 458 0 65 294 0 0 87 30 0 77 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 11.7 2.6 13.5 8.6 8.6 8.6
Effective Green, g (s) 0.8 11.7 2.6 13.5 8.6 8.6 8.6
Actuated g/C Ratio 0.02 0.34 0.07 0.39 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 36 1164 118 1350 319 349 325
v/s Ratio Prot 0.00 c0.13 c0.04 0.08
v/s Ratio Perm c0.07 0.02 0.06
v/c Ratio 0.03 0.39 0.55 0.22 0.27 0.09 0.24
Uniform Delay, d1 16.7 8.9 15.6 7.2 10.6 10.1 10.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.2 5.5 0.1 0.5 0.1 0.4
Delay (s) 17.0 9.1 21.1 7.2 11.1 10.2 10.9
Level of Service B A C A B B B
Approach Delay (s) 9.1 9.7 10.6 10.9
Approach LOS A A B B


Intersection Summary
HCM Average Control Delay 9.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 34.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 37.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 88 520 303 11 21 64
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 93 547 319 12 22 67
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 331 784 165
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 331 784 165
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 92 93 92
cM capacity (veh/h) 1226 305 850


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 93 274 274 213 118 89
Volume Left 93 0 0 0 0 22
Volume Right 0 0 0 0 12 67
cSH 1226 1700 1700 1700 1700 590
Volume to Capacity 0.08 0.16 0.16 0.13 0.07 0.15
Queue Length 95th (ft) 6 0 0 0 0 13
Control Delay (s) 8.2 0.0 0.0 0.0 0.0 12.2
Lane LOS A B
Approach Delay (s) 1.2 0.0 12.2
Approach LOS B


Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 29.9% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Alternative A
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 135 346 51 173 196 221 32 174 257 234 112
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 10.0 31.0 31.0 14.0 35.0 35.0 8.0 32.0 13.0 37.0 37.0
Total Split (%) 11.1% 34.4% 34.4% 15.6% 38.9% 38.9% 8.9% 35.6% 14.4% 41.1% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 6.0 27.0 27.0 10.0 31.0 31.0 4.0 28.0 9.0 36.2 36.2
Actuated g/C Ratio 0.07 0.30 0.30 0.11 0.34 0.34 0.04 0.31 0.10 0.40 0.40
v/c Ratio 1.34 0.34 0.12 1.03 0.17 0.36 0.49 0.56 0.88 0.33 0.18
Control Delay 239.1 25.7 7.5 93.3 14.1 3.0 65.7 26.7 70.2 21.1 4.7
Queue Delay 0.0 0.1 0.0 0.0 0.0 1.2 0.0 0.0 5.5 0.0 0.0
Total Delay 239.1 25.8 7.5 93.3 14.1 4.2 65.7 26.7 75.7 21.1 4.7
LOS F C A F B A E C E C A
Approach Delay 78.1 33.6 30.4 41.3
Approach LOS E C C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 46.8 Intersection LOS: D
Intersection Capacity Utilization 59.1% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Existing + Alternative A
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 135 346 51 173 196 221 32 174 133 257 234 112
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1742 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1742 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 142 364 54 182 206 233 34 183 140 271 246 118
RTOR Reduction (vph) 0 0 38 0 0 154 0 31 0 0 0 71
Lane Group Flow (vph) 142 364 16 182 206 79 34 292 0 271 246 47
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Effective Green, g (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Actuated g/C Ratio 0.07 0.29 0.29 0.11 0.34 0.34 0.03 0.31 0.12 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 104 1043 418 173 1198 480 41 532 355 736 560
v/s Ratio Prot 0.09 c0.10 c0.11 0.06 0.02 c0.17 c0.09 0.13
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 1.37 0.35 0.04 1.05 0.17 0.16 0.83 0.55 0.76 0.33 0.08
Uniform Delay, d1 42.8 25.4 23.0 40.8 21.3 21.2 44.4 26.5 39.3 19.3 17.3
Progression Factor 1.00 1.00 1.00 0.79 0.67 0.67 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 214.1 0.2 0.0 63.6 0.0 0.1 76.2 1.2 9.4 0.3 0.1
Delay (s) 256.9 25.6 23.1 95.6 14.3 14.4 120.6 27.7 48.7 19.6 17.4
Level of Service F C C F B B F C D B B
Approach Delay (s) 84.0 38.2 36.6 31.6
Approach LOS F D D C


Intersection Summary
HCM Average Control Delay 47.8 HCM Level of Service D
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 59.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


PM Existing + Alternative A
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 347 429 350 0
Turn Type Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4
Detector Phase 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 31.0 31.0 35.0 37.0 13.0 32.0 14.0 8.0 10.0
Total Split (%) 34.4% 34.4% 38.9% 41.1% 14% 36% 16% 9% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None Min None Min None None None
Act Effct Green (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.30 0.30 0.34 0.40
v/c Ratio 0.65 0.61 0.97 0.68
Control Delay 18.8 6.9 51.9 29.5
Queue Delay 4.5 1.0 0.0 0.0
Total Delay 23.3 7.9 51.9 29.5
LOS C A D C
Approach Delay 14.8 51.9 29.5
Approach LOS B D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 30.4 Intersection LOS: C
Intersection Capacity Utilization 96.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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PM Existing + Alternative A
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 347 429 228 350 0 0 0 0 211 0 229
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.93
Flt Protected 1.00 1.00 0.98 0.98
Satd. Flow (prot) 1863 1417 1827 1691
Flt Permitted 1.00 1.00 0.98 0.98
Satd. Flow (perm) 1863 1417 1827 1691
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 365 452 240 368 0 0 0 0 222 0 241
RTOR Reduction (vph) 0 0 319 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 365 133 0 608 0 0 0 0 0 463 0
Turn Type Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6
Actuated Green, G (s) 27.0 27.0 31.0 36.2
Effective Green, g (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.29 0.29 0.34 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 549 418 618 668
v/s Ratio Prot 0.20 c0.33
v/s Ratio Perm 0.09 0.27
v/c Ratio 0.66 0.32 0.98 0.69
Uniform Delay, d1 28.3 25.1 30.1 23.1
Progression Factor 0.49 1.34 0.93 1.00
Incremental Delay, d2 2.6 0.4 26.1 3.1
Delay (s) 16.5 34.1 54.2 26.2
Level of Service B C D C
Approach Delay (s) 26.2 54.2 0.0 26.2
Approach LOS C D A C


Intersection Summary
HCM Average Control Delay 35.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 28.4
Intersection Capacity Utilization 96.5% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Alternative A
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 385 368 3 451
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 31.0 35.0 32.0 32.0 13.0 14.0 8.0 37.0 10.0
Total Split (%) 34.4% 38.9% 35.6% 35.6% 14% 16% 9% 41% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.30 0.34 0.31 0.31
v/c Ratio 1.05 0.87 0.41 1.08
Control Delay 71.5 42.8 27.4 97.2
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 71.5 42.8 27.4 97.2
LOS E D C F
Approach Delay 71.5 42.8 74.5
Approach LOS E D E


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.34
Intersection Signal Delay: 64.0 Intersection LOS: E
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Existing + Alternative A
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 167 385 0 0 368 156 215 3 451 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.85
Flt Protected 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1835 1788 1775 1417
Flt Permitted 0.99 1.00 0.95 1.00
Satd. Flow (perm) 1835 1788 1775 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 176 405 0 0 387 164 226 3 475 0 0 0
RTOR Reduction (vph) 0 0 0 0 17 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 581 0 0 534 0 0 229 475 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 27.0 31.0 28.0 28.0
Effective Green, g (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.29 0.34 0.31 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 605 543 433
v/s Ratio Prot c0.32 0.30 0.13 c0.34
v/s Ratio Perm
v/c Ratio 1.07 0.88 0.42 1.10
Uniform Delay, d1 32.3 28.6 25.3 31.8
Progression Factor 0.63 1.00 1.00 1.00
Incremental Delay, d2 55.0 14.2 0.5 72.1
Delay (s) 75.3 42.8 25.9 103.9
Level of Service E D C F
Approach Delay (s) 75.3 42.8 78.5 0.0
Approach LOS E D E A


Intersection Summary
HCM Average Control Delay 66.8 HCM Level of Service E
HCM Volume to Capacity ratio 1.09
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 36.6
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Alternative A
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 25 1 2 42 88 38
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 26 1 2 44 93 40
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 46 78 24
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 46 78 24
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 90 96
cM capacity (veh/h) 1561 909 1052


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 27 46 133
Volume Left 26 0 93
Volume Right 0 44 40
cSH 1561 1700 948
Volume to Capacity 0.02 0.03 0.14
Queue Length 95th (ft) 1 0 12
Control Delay (s) 7.1 0.0 9.4
Lane LOS A A
Approach Delay (s) 7.1 0.0 9.4
Approach LOS A


Intersection Summary
Average Delay 7.0
Intersection Capacity Utilization 22.9% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Alternative A
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 31 0 0 77
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 33 0 0 81
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 65 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 65 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 93
cM capacity (veh/h) 1623 921 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 33 81
Volume Left 0 33 0
Volume Right 0 0 81
cSH 1700 1623 1085
Volume to Capacity 0.00 0.02 0.07
Queue Length 95th (ft) 0 2 6
Control Delay (s) 0.0 7.3 8.6
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.6
Approach LOS A


Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 15.3% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Alternative A
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 28 11 432 407 19
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 45 29 12 455 428 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 916 438 448
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 916 438 448
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 85 95 99
cM capacity (veh/h) 299 618 1112


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 75 466 448
Volume Left 45 12 0
Volume Right 29 0 20
cSH 376 1112 1700
Volume to Capacity 0.20 0.01 0.26
Queue Length 95th (ft) 18 1 0
Control Delay (s) 17.0 0.3 0.0
Lane LOS C A
Approach Delay (s) 17.0 0.3 0.0
Approach LOS C


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 42.8% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Alternative A
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 12 8 73 27 97 19 344 138 613
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 22.0 11.0 28.0 22.0 39.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 24.4% 12.2% 31.1% 24.4% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.7 8.7 9.4 9.4 17.8 8.8 17.0 12.5 28.0
Actuated g/C Ratio 0.22 0.22 0.24 0.24 0.45 0.22 0.43 0.32 0.71
v/c Ratio 0.04 0.03 0.11 0.06 0.15 0.06 0.28 0.29 0.26
Control Delay 23.5 16.4 20.8 22.1 3.4 23.5 14.2 18.9 7.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 23.5 16.4 20.8 22.1 3.4 23.5 14.2 18.9 7.2
LOS C B C C A C B B A
Approach Delay 19.1 12.4 14.6 9.3
Approach LOS B B B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 39.3
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.29
Intersection Signal Delay: 11.5 Intersection LOS: B
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Existing + Alternative A
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 8 12 73 27 97 19 344 56 138 613 17
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3211 3072 1863 1417 1583 3465 1583 3525
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3211 3072 1863 1417 1583 3465 1583 3525
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 13 8 13 77 28 102 20 362 59 145 645 18
RTOR Reduction (vph) 0 12 0 0 0 76 0 13 0 0 2 0
Lane Group Flow (vph) 13 9 0 77 28 26 20 408 0 145 661 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 1.8 1.8 3.4 3.4 11.5 0.9 16.6 8.1 23.8
Effective Green, g (s) 1.8 1.8 3.4 3.4 11.5 0.9 16.6 8.1 23.8
Actuated g/C Ratio 0.04 0.04 0.07 0.07 0.25 0.02 0.36 0.18 0.52
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 126 228 138 479 31 1253 279 1828
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.01 0.01 0.12 c0.09 c0.19
v/s Ratio Perm 0.01
v/c Ratio 0.21 0.07 0.34 0.20 0.05 0.65 0.33 0.52 0.36
Uniform Delay, d1 21.4 21.2 20.2 20.0 13.1 22.3 10.6 17.1 6.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.7 0.2 0.9 0.7 0.0 37.9 0.2 1.6 0.1
Delay (s) 23.0 21.5 21.1 20.7 13.1 60.2 10.8 18.8 6.7
Level of Service C C C C B E B B A
Approach Delay (s) 22.1 17.1 13.0 8.8
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 11.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 45.9 Sum of lost time (s) 12.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 206 38 155 104 137 114 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 9.0 22.0 13.0 26.0 30.0 25.0 25.0 25.0
Total Split (%) 10.0% 24.4% 14.4% 28.9% 33.3% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 7.6 11.8 9.5 14.0 13.0 13.1 13.1 13.1
Actuated g/C Ratio 0.17 0.27 0.22 0.32 0.30 0.30 0.30 0.30
v/c Ratio 0.01 0.25 0.12 0.29 0.35 0.30 0.21 0.03
Control Delay 27.8 19.4 24.6 9.2 18.1 21.1 19.7 11.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.8 19.4 24.6 9.2 18.1 21.1 19.7 11.7
LOS C B C A B C B B
Approach Delay 19.6 10.9 18.1 20.1
Approach LOS B B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 43.7
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.35
Intersection Signal Delay: 16.5 Intersection LOS: B
Intersection Capacity Utilization 44.7% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Existing + Alternative A
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 206 19 38 155 161 12 104 65 137 114 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.92 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3494 1583 3269 1767 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3494 1583 3269 1767 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 217 20 40 163 169 13 109 68 144 120 11
RTOR Reduction (vph) 0 7 0 0 118 0 0 26 0 0 0 9
Lane Group Flow (vph) 4 230 0 40 214 0 0 164 0 144 120 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.6 12.4 2.2 14.0 8.0 8.0 8.0 8.0
Effective Green, g (s) 0.6 12.4 2.2 14.0 8.0 8.0 8.0 8.0
Actuated g/C Ratio 0.01 0.27 0.05 0.30 0.17 0.17 0.17 0.17
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 20 930 75 982 303 272 320 243
v/s Ratio Prot 0.00 c0.07 c0.03 0.07 c0.09 c0.09 0.06
v/s Ratio Perm 0.00
v/c Ratio 0.20 0.25 0.53 0.22 0.54 0.53 0.38 0.01
Uniform Delay, d1 22.8 13.4 21.7 12.2 17.6 17.6 17.1 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.9 0.1 7.1 0.1 2.0 1.9 0.7 0.0
Delay (s) 27.6 13.6 28.8 12.3 19.6 19.4 17.8 16.0
Level of Service C B C B B B B B
Approach Delay (s) 13.8 14.1 19.6 18.6
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 16.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 46.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 44.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Alternative A
DIAGRAM AND TRAFFIC FLOWS:


333 0 106
(229) () (211)


114 (167) 241 (156)
213 (347) 440 (350) 166 (385) 409 (368)
241 (429) 198 (228)


281 1 231
(215) (3) (451)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 439
Intersection #5 Intersection #6 (440)


213 (347) Intersection #6
280 (552) 638 (578) 650 (524)


241 (429)
Intersection #5


282 231
(218) (451)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


280 (552) 650 (578) 439 (451)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1369 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1581) (PM) At Capacity X - > 1,200 but < 1,500 ILV/HR.
- X > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


5
6


Signal


Signal RTOL


65


N


Bradley Ave
Bradley Ave


SR-67 SB Ramp


SR-67 NB Ramp
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Appendix M 
 
Cumulative Project Information 
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Proposed
Land Use
TM 5515(11 lots)
TPM 21 125 (4 lots)
TPM21171 (4 lots)


Rate Size & Units
12
12
12


/DU
/DU
/DU


11
4
4


DU
DU
DU
Totals


ADT
132
48
48
228


%
8%
8%
8%


Split
0.30
0.30
0.30


0.70
0.70
0.70


AM
IN OUT %
3
1
1
&


/
3
3
i 2


10%
10%
10%


PM
Split IN OUT


0.7
0.7
0.7


0.3 9
0.3 3
0.3 3


i%


A
1
1
6


Field


Floyd Smith Dr


Bradley Ave


Vernon Way


No Scale


to'/.
AM peak hour volumes at intersections
PM peak hour volumes at intersections
() represents a 0 PM peak hour volume


7777 ADT volumes shown along segments


Intersection reference number for LOS tables©
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8.1.0 - KIVA System - Permit Summary Page 1 of 16


Home Look Up Summary


Permit Summary


Permit:
Description:


Project:


31005517 |
TENTATIVE MAP


PEPPER VILLA DRIVE
Status:!OPEN
Issued:J28-Sep-2006


Decision:)
Expiration:


Location Desc.:


Entered:
Completed:


28-Sep-2006


| Next Renewal:|28-Sep-2006


Permit Manager
Permit Name:
Lead Person:


Default Inspector:
Issued Date:


Renew Eff. Dale:
Difficult v:


PHPPER VILLA DRIVE
G \VRIGHPL - WRIGHT,GAIL


2;-Sep-2006 Expiration Date:
CEQA Status:


Renewable:


Address
988 PEPPER DR


Parcel Information
APN
388-072-03-00 GIS Parcel


Scope of Work
Tentative Map: 10 lots or less ;"
Previously submitted as a 1 1 - 1 ; t
Subdivision of a 1.92-acre part •_
feet. The subject property is zo:i
the Pepper Drive - Boston hi CM
from Pepper Villa Drive. Prop^s
removed. Sidewalks are pi opo: c
provided by the Helix Water Di
project would include a densi ty


Version TM5517RPL1 received
received 2-MAR-2009 Versioi,


DPW Manager: ED SINSAY i >
Taylor 5/23/07 trans to Beth H i i ;


entative Map: Standard Linked cases: ER 06-14-045, REZ 06-014, TM 5517 History:
subdivision with a re-zone. Then a 7-lot subdivision. Description: The project is a Major
into 1 1 single-family residential lots ranging in area from 6,005.45 to 8,499.60 square


ed RS-4 Single Family Residential Use Regulations and is designated (6) Residential by
nmunity Plan. Proposed access is a private road from Pepper Drive and private driveways
>ed grading is 4980 cubic yards with a net import of 4640 cy. Existing buildings are to be
d along Pepper Drive and Pepper Villa Drive. District water and sewer service would be
>trict and Padre Dam Municipal Water District via existing utility infrastructure. The
increase and setback reductions under the State Density Bonus Law.


23-MAY-2007 Version TM55 17RPL2 received 21-JUL-2008 Version TM5517RPL3
TM5517RPL4 received 4-NOV-2009


DW Resource: 1LIANA PEEVA DPLU Manager: GOWENS, EDWARD trans to Tim
>an 6/4/07 trans to WRIGHT, GAIL 03.15.1 1 DPW Trust: DPLU KRONOS ACCOUNT:


Comnair :
Appl ican: :


Applicant Information


RYAN CACY AND SARA CACY


http://landinfo.sdcounly.c\.gov/pennit/summary/index.cfm?pid=668592&jur=SDC
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8.1.0 - KIVA System - Permit Summary Page 1 of9


Help Home Look Up Summary


Permit Summary


Permit:
Description:


Project:


Status:
Issued:


Decision:
Expiration:


Location Desc.:


320021125
TENTATIVE PARCEL MAP


BUSH MINOR SUBDIV1SON 4 LOT AND REMAINDER; TPM 21 125
OPEN
17-Apr-2008


Entered:
Completed:


17-Apr-2008


| Next Renewal:) 1 7-Apr-2008


Permit Manager
Permit Name:
Lead Person:


Default Inspector:
Issued Date:


Renew Eff. Date:
Difficulty:


BUSH MINOR SUBDIVISON 4 LOT AND REMAINDE
KJEFFEPL - JEFFERS,KR1STINA


17-Apr-2008 Expiration Date:
CEQA Status:


Renewable:


Parcel Information
Address
1226 PEPPER DR


APN
388-230-62-00 GIS Parcel


Scope of Work
Tentative Parcel Map: Standard Linked cases: ER 08-14-009 TPM 21125 Permit Difficulty: Specific Plan Area:


DPW Manager: Ed Sinsay ti ins to Rick Lantis DPW Resource: Chris Kotitsa trans to Susan Hoang DPLU Manager:
Monica Bilodeau trans to Tim Taylor 4.21.08 trans to Michelle Chan on 7/19/2010 to Katie Hughes 12.29.10 trans to K
Jefferes 02/22/11 DPW Trust: DPLU KRONOS ACCOUNT:


RPL1 received 18-DEC-2009 RPL2 received 08-Jun-2010 RPL3 received 21-Sept-2010 RPL4 received 09-Dec-2010


DESCRIPTION: Tentative Parcel Map to subdivide 9.3 acres into four residential lots and a remainder lot ranging from 1
to 4 gross acres in area. The project site is located at 1226 Pepper Dr., Lakeside (across from Somerlane Street) in the
Lakeside Community Planning Area. Subject to General Plan Regional Category CUD A, and Land Use Designation
"Residential/1 (1 DU/1, 2, 4 ACRES)." Zoning is RR1 (1 du/acre). The site currently contains a single-family home that
will remain and be modified for setback compliance. Access is by a new private street leading from Pepper Drive. The
sroject would be served by imported water from the Helix Water District and sewer from the Wintergardens Sanitation
Maintenance District. An 800 foot extension of sewer utilities and a 30 foot extension of water utilities will be required by
the project. Proposed grading will consist of 12,000 cu/yds of cut and 8,000 cu/yds of fill.


Applicant Information
Company:
Applicant: BUSH ROBERT L&CHARMAINE


http://landinfo.sdcounty. .;a.gov/permit/summary/index.cfm?pid=714777&jur=SDC
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8.1.0 - KIVA System - Permit Summary Page 1 of 5


4ft,


Permit Summary


Perm i :
Description


Projet ;


Statu ;
Issue !


Decision
Expiration


Location Desc .


320021171
TENTATIVE PARCEL MAP


TOPPER LANE ESTATES TPM 21 171
OPEN
14-Jan-2010


Entered:
Completed:


14-Jan-2010


Next Renewal: 14-Jan-2010


Permit Manager
Permit Name:! TOPPER LANE ESTATES TPM 21171
Lead Person :!'<JEFFEPL - JEFFERS.KRISTINA


Default Inspector:)
Issued Date:;! 4- Jan-2010 Expiration Date:


Renew Eff. Date:i
Difficulty:! |


CEQA Status:
Renewable:


Address
NO ADDRESS


Parcel Information
APN
388-210-02-00 GIS Parcel


Scope of Work
Tentative Parcel Map: Stand
Plan Area: Description: 4 lot


The project is a Tentative Pa
project site is located at Topi
unincorporated San Diego C<
Area (CUDA), Land Use De
currently vacant; there are nc
publicly maintained road. Th
extension of sewer or water i
4,000 cubic yards fill with 2,


DPW ManagenR. Lands trai
4/15/10 DPW Trust: DPLU 1


rd Linked cases: ER 03 14030A, TPM20745 (expired) TpM 21171 Permit Difficulty: Specific
TPM


eel Map to subdivide one parcel into four separate single family residential parcels. The
er Lane just south of Pepper Drive in the Lakeside Community Planning area, within
unty. The site is subject to the General Plan Regional Category Current Urban Development
ignation (5) Residential. Zoning for the site is RS4, Single Family Residential. The site is
existing structures. Access would be provided by a private road connecting to Pepper Drive, a


• project would be served by sewer and imported water from the Helix Water District. No
tilities will be required by (he project. Earthwork will consist of 6,200 cubic yards cut and
'.00 cubic yards of export of material.


s to Ed Sinsay DPW Resource: Chris Kotitsa DPLU Manager: Anna Lowe trans to K. Jeffers
.RONOS ACCOUNT:


Applicant Information
Company:
Applican


Representativ
: CDS CIVIL ENGINEERS
: JAMES BACHOFER


http://landinfo.sdcounty. •a.gov/pennit/summary/index.cfm?pid=776445&jur=SDC
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AM PM
Cumualtive Projects


TPM 20988 - 8428 Poinciana Dr
TPM 20925 - 2040 Marlinda Way


Rate
12 /DU
12 /DU


Size & Units
4 DU
2 DU


ADT
48
24


%
8%
8%


Split
0.3 0.7
0.3 0.7


IN
1
1


OUT
3
1


%
10%
10%


Split
0.7 0.3
0.7 0.3


IN
3
2


OUT
1
1


Totals 72


Bradley Ave


Gillespie Field ALP Update Traffic Study Appendix Page 1 88 of
No Scale
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8.1.0- KIVA System - Permit Summary http://landinfo.sdcounty.ca.gov/permit/summary/index.cfin?pid=64595.


Help Home


Permit Summary


Permit:
Description:


Project:


Status:
Issued:


Decision:
Expiration:


Location Desc.:


2200 20988
DPW TENTATIVE PARCEL MAP REVIEW


TPM20988
OPEN
18-Jan-2006


Entered:
Completed:


18-Jan-2006


Next Renewal: 18-Jan-2006


Permit Manager
Permit Name:
Lead Person:


Default Inspector:
Issued Date:


Renew Eff. Date:
Difficulty:


JEWITT MINOR SUBDIVISION
RSfflCKPW - SHICK,R. LEE


18-Jan-2006 Expiration Date:
CEQA Status:


Renewable:


Parcel Information
Address APN
8428 PO1NCIANA DR 388-490-20-00 GIS Parcel


Scope of Work
SUSMP: XXX Area:PEPPER DR/BOSTONIA


Applicant Information
Company:
Applicant:


Representative:
Title:


Address:


City / State / ZIP:
Work Phone:
Home Phone:


E-Mail:


WILLIAM JEWITT


8428 POINCIANA DR


ELCAJON, CA, 92021
Extension:


FAX:


Company:
Name:


Representative:
Title:


Contact Information


WALSH ENGINEERING
LARRY WALSH
CONTACT


1 of 3
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8.1.0- KFVA System - Permit Summary http://landinfo.sdcounty.ca.gov/permit/surnrnary/index.cfin?pid=59043.


Permit Summary


Permit: 3200 20925
Description:


Project:


Status:
Issued:


Decision:
Expiration:


Location Desc.:


TENTATIVE PARCEL MAP


TPM20925
DONE Entered:
21-Mar-2005 Completed:


21-Mar-2005
14-May-2008


APPROVEDPD
Next Renewal: 21-Mar-2005


Permit Manager
Permit Name:
Lead Person:


Default Inspector:
Issued Date:


Renew Eff. Date:
Difficulty:


HIEL TPM
MSLOVIPL - SLOVICK.MARK


21-Mar-2005 Expiration Date:


i


CEQA Status:
Renewable:


Parcel Information
Address
2036 MARLINDA WY


APN
388-490-55-00 CIS Parcel


Scope of Work
Tentative Parcel Map: Standard "HIEL TPM" TPM 20925 Linked cases: ER 05-14-008 Description: 2 lot subdivision of .71
acre parcel in Pepper Drive Area, adjacent to the City of Santee and the Sky Ranch Development on Rattle Snake
Mountain. Property has existing home on west side to remain on proposed parcel 1. Par. 1 will be 11,325.6 sq. ft. gross &
net and Par. 2 will be 11,325 sq. ft. net. Project will gain access from a proposed 28' wide private road easement, pending
exception request, and will conect to Marlinda Way a public road. The project has water service (Helix), sewer service
(Padre Dam) and fire protection (City of Santee). The project is also served by The Santee School District and the
Grossmont Union High School District.


Version RPL1 received: NOV-23-2005 Version RPL2 received: 19-JUN-2006


DPW Manager: Ed Sinsay DPW Resource: Dorian Kunch trans to Iliana Peeva DPLU Manager: HOGAN, MICHAEL trans
to Mark Slovick 5/18/07 DPW Trust: Dorian Kunch DPLU Trust: 05-0038973


Applicant Information
Company:
Applicant: HIEL RICHARD J&ONDINA J


Representative:
Title:


Address: 2040 MARLINDA WAY


I o f 8
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LlNSCOTT
LAW &


GREENSPAN


engineers


TRAFFIC IMPACT ANALYSIS


FORRESTER CREEK INDUSTRIAL PARK
El Cajon, California


March 5, 2009


LLG Ref. 3-05-1602


Prepared by: Under the Supervision of:


Narasimha Prasad John Boarrnan, P. E.
Senior Transportation Engineer Principal


&
Radhika Yechangunja


Transportation Engineer I
Linscon, Law &
Greenspan, Engineers


4542 Ruffner Street


Suite 100


San Diego, CA 92111


858.300.8800 T


858.300.8810 f


www.llgcngincors.com
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2.0 PROJECT DESCRIPTION
2.1 Existing Land Use Plan
The Forrester Creek Industrial Park is part of the Gillespie Field Airport, which consists of
approximately 750 acres. The site is designated for commercial/industrial use by the Gillespie Field
Special Development Area plan. Existing industrial development at Gillespie Field includes
approximately 160 acres.


The City of HI Cajon General Plan designates the site for open space uses. The proposed project will
require a General Plan Amendment and a rczonc to the M zone, which allows manufacturing type
uses.


2.2 Project Location
The project is located on the northwest comer of Weld Boulevard and Cuyamaca Street in the City
of El Cajon. Site access will be provided via one driveway to Weld Boulevard opposite Gillespie
Way.


2.3 Project Description
The Forrester Creek Industrial Park consists of approximately 31.5 acres and is part of the Gillespie
Field Airport, which consists of approximately 750 acres. Gillespie Field Airport is owned and
operated by the County of San Diego. The Forrester Creek Industrial Park Project consists of the
development of 462,973 square feet Industrial Park. The project is planned to be built in three
phases.


• Phase 1 — 196,500 square feet industrial park
• Phase 2 - 191,473 square feet industrial park
" Phase 3 - 75,000 square feet industrial park


Phase I will include the construction of a new project driveway opposite Gillespie Way and
construction of three buildings on the southeast corner of the site. The Project Phase I is expected to
be completed by mid-2011 and will include Buildings A and B. Phase II will include construction of
Buildings C in the northwestern section of the property and should be completed by mid-2012.
Phase III will include construction of the final Building D in the western section of the property and
the overall project should be completed by 2013. Figure 2-1 shows the conceptual site plan.


LINSCOTT, LAW &GREEMSPAK. engineers I.LG Rcf. 3-05-1602
(•'orresler Creek Industrial Park
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TABLE 8-1
PROJECT TRIP GENERATION


Description


Phase 1 (Buildings A & B)


Industrial Park (No commercial)


No of Trucks ( 10% ol'Tolal Volume)


Truck PCI-:1'


Passenger Cars Only


Total Phase 1 Traffic with PCK


Phase II (Buildings C)


Industrial Park (No commercial)


No oiTrucks (10% ol" Total Volume)


PCF.b
Passenger Cars Only


lotal Phase II Traffic wi th PCE


Phase III (Building D)


Industrial Park (No commercial)


No of Trucks (10% of Total Volume)


Truck PCE1'


Passenger Cars Only


Total Phase III Traffic with PC'E


Entire Project


Industrial Park (No commercial)


No of Trucks (10% of'Total Volume)


Truck I'Cli b


Passenger Cars Only


1 otal Project Traffic with PCK


Size


1 96.500 SF


19 1.4 73 SI-


75.000 SF


462.973 SF


Daily Trip Ends
"(ADT)


Rate"


8 / l . O O O S F


8/l.OOOSF


8/1,000 SF


8- '1.000 SF


Volume


1.572


157
236


1.415


1,651


1.532


153
230


1,379


1,609


600


60


90


540


630


3,704


370


556
3.334


3,890


A.V1 Peak Hour


% of
ADT


11%


11%


11%


1 1%


ln:Out
Split


90:10


90:10


90:10


90:10


Volume


In


156
16
24


140


164


152


15
23


137


160


59


6


9


53


62


366


37
56


330


386


Out


17
7


3


15


18


17
2
3


15
18


7


1
•)


6


8


40
5


8
36


44


Total


173
18
27


155
182


169
17


26


152


178


66


7
11
59


70


407


42


64


366


430


PM Peak Hour


%of
ADT


12%


12%


12%


12%


In:Out
Split


20 :80


20 :80


20:80


20:80


Volume


In


38
4


6


34


40


37
4


6


33
39


14


1
2


13


15


89


9
14
80


94


Out


151


15
23


136


159


147


15


23


132


155


58


6


9


52


61


355
36
ss


320


375


Total


189


19


29


170


199


184
19
29


165


194


72


7


1 1


65


76


444


45


69


400


469


Footnotes:
a. Rale is based on the lirief Guide of Vehicular Traffic
b. PCFF, = Passenger car equivalent ( 1 . 5 )


Gern'reilion Rales for tin' Sail /JfVgo Region. A p r i l 2002. by SANDAG


LIMSCOTT, LAWS GREENSPAN, engineers


25


LI.O Kef 3-05-1602
Forrester Creek Industr ial Hark
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LINSCOTT
LAW &
GREENSPAN


engineers


I REV. 2/V3009
[ N:\1602\200B\Fiqurts\N"-


LEGEND


<*̂ ^N - Regional Trip Distribution
/*•""•>.
(XXX) - Local Capture


Figure 8-"
Project Traffic Distribution


Passenger Vehicles & Small Trucks
Forrester Creek Industrial Park
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LINSCOTT
LAW &
GREENSPAN


engineers


I REV. 2/3/2009
| N:\1G02\2006Vlggre5\Ne,, Grid rc.rmol\U.OI602 FCB-2.*


LEGEND


..XX! - Regional Trip Distribution
s


XXX) - Local Capture


Figure 8-2
Project Traffic Distribution
Truck Traffic Over 7 Tons


Forrester Creek Industrial Park
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- AM/PU peak hour volumes are
shown at the intersections


Figure 8-8
Entire Project (Phases I, II & III) Traffic Assignment


AM/PM Peak Hours
Forrester CreeK Industrial Park
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XX. AM peak hour volumes at intersections
(YY) PM peak hour volumes at intersections


Z.ZZZ ADT volumes shown along segments


l Intersection reference number for LOS tables


N
Project Area No Scale


Proposed
Land Use Rate


57 ADT
Size & Units
1.38 Acres


ADT plit
AM PM


UTiger 0.34
2006: ADT-Average Daily Traffic; Split-percent inbound and outbound.
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Windows Live Hotmail Print Message


FW: Gillespie cumulative project hangar question
I J'r. Curtis, Cynthia (Cynthia.CLirtis@sdco,rnty.ca.gov)


Senr: Wed 4/08/09 2:08 PM


u l-(l n Rasas \iuslin@ loseng ineering.cont


Info you requested.


Page 1 of2


From: Paul, Anne
Sent: Wednesday, Apr;l 08, 2009 2:02 Pf4


To: Cudis, Cynthia; Lardy, Leeann
Cc: Kashak, Jeff
Subject: RE: Gillespie cumulative project hangar question


Hi Cynthia,


The development in question involves a 60,1 13 sf (1.38-acre) parcel. Proposed plans for the area show
the following breakdown:


25,400 SF first floor hangar building
4,625 SF in second floor office space
31,497 SF drives, aircraft ramp and taxilanes
3,216 SF landscape area with walks.


This is located on the east side of N. Marshall, within the airport proper, noi in the industrial park. Hope
this helps


Anne Poul, Sr. Reol Property Agent
Dept. of Public Works, Airpor'fs
Counly of Son D iego


(619) 956-4819


anne.paq l@sdEounty.eo.gqv


From: Cudis, Cynthla
Sent: Wednesday, April 08,2009 1:39 PM


To: Paul, Anne; Lardy, Leeann
Cc: Kashak, Jeff
Subject: FW: Gillesple cumulative project hangar question


Lee Ann & Anne,
Do you have any info on this project? | believe it's in the industrial park.
Thanks,
Cynth ia


From: Justin Rasas lmailto:justin@losengineerinq.coml
Sent: Wednesday, April 08, 2009 1:05 PM


To: Curtis, Cynthia
Subject: Gillespie cumulative project hangar question


Hi Cynth ia,


http://co106w.col106.mail.live.com/mail,/PrintShell.aspx?type:message&cpids:74b99tT3-a93a-4e6c-bb8a-3...41812009
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TRAFFIC IMPACT ANALYSIS


FANITA
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TABLE7-3


PROJECT TRIP GENERATION - EXTERNAL TRIPS


Land Use


RESIDENTIAL


Estate Homes


Rock Point


Oak View


Oak View


Sycamore


Sycamore


Sage Hill


Sage Hill


Subtotal Residential


NON-RESIDENTIAL
Recreation Areas


Active


Passive Parks


Village Center


Offices


Community Center


The Inn


Artisan Cottages (39,000 SF)


Nursery


Retail


Chapel


Subtotal Non-Residential


Total Fanita Ranch


External
Trip


Percent


90%


90%


90%


90%


90%


90%


90%


70%


70%


70%


60%


50%


70%


40%


20%


20%


Daily Volume


Total


4,788


780


1,152


2,680


1,950


850


3,264


15,464


875


221


128


681


154


180


505


532


41


3,310


18,770


External
ADT


4,311


702


1,035


2,412


1,755


765


2,934


13,914


616


154


91


408


75


126


200


106


8


1,784


15,698


AM Peak Hour


Total


383


62


92


214


156


68


261


1,236


114


9


18


27


12


14


15


16


2


227


1,463


External Trips


Total


345


56


83


193


140


61


235


1,113


80


6


13


16


6


10


6


3


-


140


1,253


In


104


17


25


58


42


18


71


335


40


4


12


10


2


2


4


2


-


76


411


Out


241


39


58


135


98


43


164


778


40


2


1


6


4


8


2


1


-


64


842


PM Peak Hour


Total


479


78


115


268


195


85


326


1,546


79


18


17


61


14


16


50


48


3


306


1,852


External Trips


Total


431


70


103


241


175


76


293


1,389


55


13


12


37


7


11


20


10


1


166


1,555


In


302


49


72


169


123


53


205


973


28


8


2


22


4


8


10


5


-


87


1,060


Out


129


21


31


72


52


23


88


416


27


5


10


15


3


3


10


5


1


78


494


LINSCOTT, LAW & GREENSPAN, engineers
27


LLG Ref. 3-05-1545
Fanita


N:\1545\Report\1545 Report Aug 07.doc
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REV. 1/26/07
LLG1545 11x17 FIG7-3 NO SCALE


LiNSCOTT


LAW &
G R E E N S P A N


engineers


Figure 7-3
PROJECT TRIP DISTRIBUTION


WITH SR 52 EXTENDED TO SR 67


Fantta
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NOTE:
- ADTs are shown midblock


REV. 2/6/07
LLG1545 11x17 FIG 10-2 NO SCALE


Figure 10-2
YEAR 2030 ENTIRE PROJECT TRAFFIC VOLUMES


ADT


Fantta
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Prospect Ave/Cuyamoca St


Prospect Ave/Cottonwood Ave


Prospect Ave/Magnolia Ave


Prospect Ave/SR 67 SB On-Ramp **


Prospect Ave/SR 67 NB Off-Ramp


Fanita Dr/SR 52 WB Off-Ramp *


Fanita Dr/SR 52 EB On-Ramp *


Beck Dr/Cuyamaca St


Ganley Rd/Fanita Pkwy


BUENA VISTA AVE


REV. 10/3/06
LLG1545 11x17 FI63-1 NO SCALE


LlNSCOTT


LAW &
GREENSPAN


e n g i n e e r s


Figure 3-1
STUDY AREA MAP


Fanita
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SR 52 WB RAMPS/
MAGNOLIA AVE/
SR 67 SB RAMPS


SR 52 EB RAMPS/
MAGNOLIA AVE


PROSPECT AVE/
FANITA DR


PROSPECT AVE/
CUYAMACA ST


PROSPECT AVE/
COTTONWOOD ST


PROSPECT AVE/
MAGNOLIA AVE


PROSPECT AVE/
SR 67 SB ON-RAMP


PROSPECT AVE/
SR 67 NB OFF-RAMP


Eliminated Due to
Freeway Extension


8/21


17/10


WB OFF-RAMP/
SR 52/ FANITA DR


EB ON-RAMP/
SR 52/ FANITA DR


BECK DR/
CUYAMACA ST


^-8/21 __


GANLEY RD/FANITA PKWY/
SANTEE LAKES BLVD


NOTES:
- AM/PM Peak hour volumes are


shown at the intersections


- EAST-WEST STREET/
NORTH-SOUTH STREET


E-W STREET


NO SCALE


LlNSCOTT
LAW &
GREENSPAN


e n g i n e e r s


REV. 2/14/07
LLG1545 HO 9-13 Figure 9-13


(4 OF 4)


KX)% PROJECT VOLUMES WITHOUT MAGNOUA AVENUE EXTENSION
WITH SR 52 EXTENDED TO SR 67


AM/PM PEAK HOURS
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TRAFFIC STUDY
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City of Santee
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Table 6 - Trip Generation Rates & Calculations


Senior Residential Care


(Independent & Assisted


Living, Dementia, Villa)


Land Use


ADT


AM


PM


Density


Rates


2.5


4%


8%


ADT


Project Phase 1


Senior Residential Care 276 690


/per unit


/of daily


/of daily


In


0.5


0.6


0.5


AM


Total In Out


Out


0.5


0.4


0.5


PM


Total In Out


28 17 11 55 28 28


Project Phase 2


Senior Residential Care


Totals (Phase 1+2)


84


360


210


900


8


36


5


22


3


15


17


72


8 8


36 36


Number rounding may occur in spreadsheet background


ADT=Average Daily Traffic


Rates per SANDAG, April 2002


EXISTING PLUS PROJECT TRAFFIC


Phase 1 project related peak hourly traffic was added to the existing traffic volumes. The existing plus
project Phase 1 (276 units) traffic volumes are shown on Figures 8.


Total project related traffic (Phase 1 and 2) was added to the existing traffic volumes. The existing plus
total project (360 units) traffic volumes are shown on Figure 9.


13
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LEGEND


- - DIRECTION OF TRAVEL
- AM/PM TURN VOLUMES


• 2,222 - AVERAGE DAILY TRAFFIC


- PROJECT SITE


Darnell & ASSOCIATES, INC.
070805BB.dwg 6-04-08 SN/CDJ


FIGURE 7
TOTAL PROJECT (PHASE 1+2) TRAFFIC VOLUMES (360 UNITS)
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TRAFFIC IMPACT STUDY


10055 MISSION GORGE ROAD
CITY OF SANTEE, CALIFORNIA


Prepared for:


Five Star Synergy, Inc.


Prepared by:


ABC Traffic Inc.
2478 N. Ridge Park Lane


Orange, Ca 92867
Phone: 714-488-2019


August 10, 2010


AUB 11


of Dwtlopmtm Service;


Prepared by:


Farhad.
Principal Engineer
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ABC Traffic Inc.


Total Project ADT Generation Calculation


The total ADT trip generation for the project was calculated using SANDAG's
established rates (appendix D). Transit and PM-Peak by-pass reductions (for applicable
land-use types) were applied.


Retail; @ 40 Trips/1000 sq.ft. = 200 trips
(5,000 sq.ft.)


PM Peak reduction = (200) * (0.09) * (0.4) = 7.2
200-7.2 = 192.8


Transit reduction = (192.8) * (.05) = 9.64


Total trips = 192.8 - 9.64 = 183.16


Restaurant: @ 650 Trips/1000 sq.ft. = 2080 trips
(3,200 sq.ft.)


PM Peak reduction = (2080) * (.07) * (.4) = 58.24
2080-58.24 = 2021.76


Transit reduction = (2021.76) * (.05) = 101.08


Total trips = 2021.76 - 101.08 = 1920.67


Office: @ 14/1000 sq.ft. = 53.2 trips
(3,800 sq.ft.)


Transit reduction = (53.2) * (.05) = 2.66


Total trips = 53.2 - 2.66 = 50.54


Car-wash: @ 900/site


Total trips = 900


Total ADT = 183.16+ 1920.67 + 50.54 + 900 = 3,054.37


Traffic-Impact-Analysis
10055 Mission Gorge Road Proposed Development


14
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ABC Traffic Inc.


Trip Distribution Assignment


25%


Mapnnlia 5% 5% fte st.
/ ~


L_ ' ..


OJ


Eo


35%


Riverview Pkwy §o/0


60%


Cuyamaca 10%


Town Center Way 5%


« w g,O- <n £*


£ 2 o
Tamberly Way


5% St.


5% Olive Lane


Traffic-Impact-Analysis
10055 Mission Gorge Road Proposed Development
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ABC Traffic Inc.


TRIP DISTRIBUTION
ASSIGNMENT VOLUME - AM/PM


1
Magnolia 5/4 v


tfi tfi


J i
Riverview Pkwy *


J 5/4 '


^ ^ V5


J 1 L
Cuyacama 10/9 X


O ;̂


So m \n Center Wav ^ \^


5/4 ^


O
O
a
o


5/4


î t r st-
•?) ^ V/


A Tamberly Way


1


^ 5/4


| St.


* 5/4 Olive Ln.


t


Traffic-Impact-Analysis
10055 Mission Gorge Road Proposed Development
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ABC Traffic Inc.


Project Site Trip Generation AM/PM


Magnolia


Cottonwood


St.


Ave.


90/92


97/87


Riverview Pkwy Tamberly Way


Cuyamaca St.


Olive Ln.


o
O
eo


Town Center Wav


Traffic-Impact-Analysis
10055 Mission Gorge Road Proposed Development
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Appendix N 
 
Existing (Year 2011) + Proposed Project + Cumulative LOS & ILV Calculations 
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AM Existing + Proposed Project + Cumulative
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 22 228 89 421 97 25 70 2 5
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 29.0 26.0 43.0 35.0 35.0 35.0 35.0 35.0
Total Split (%) 13.3% 32.2% 28.9% 47.8% 38.9% 38.9% 38.9% 38.9% 38.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.7 9.3 8.3 14.1 9.4 9.4 9.4
Actuated g/C Ratio 0.20 0.27 0.24 0.41 0.28 0.28 0.28
v/c Ratio 0.07 0.30 0.24 0.30 0.33 0.17 0.03
Control Delay 16.5 12.1 15.2 8.2 15.0 5.3 10.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.5 12.1 15.2 8.2 15.0 5.3 10.1
LOS B B B A B A B
Approach Delay 12.5 9.4 11.5 10.1
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 34
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.33
Intersection Signal Delay: 10.7 Intersection LOS: B
Intersection Capacity Utilization 38.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Existing + Proposed Project + Cumulative
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 22 228 47 89 421 2 97 25 70 2 5 6
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.85 0.94
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3449 1583 3537 1791 1417 1733
Flt Permitted 0.95 1.00 0.95 1.00 0.76 1.00 0.96
Satd. Flow (perm) 1583 3449 1583 3537 1417 1417 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 23 240 49 94 443 2 102 26 74 2 5 6
RTOR Reduction (vph) 0 18 0 0 1 0 0 0 55 0 4 0
Lane Group Flow (vph) 23 271 0 94 444 0 0 128 19 0 9 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.1 10.7 4.5 14.1 9.4 9.4 9.4
Effective Green, g (s) 1.1 10.7 4.5 14.1 9.4 9.4 9.4
Actuated g/C Ratio 0.03 0.29 0.12 0.39 0.26 0.26 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 48 1008 195 1363 364 364 430
v/s Ratio Prot 0.01 0.08 c0.06 c0.13
v/s Ratio Perm c0.09 0.01 0.01
v/c Ratio 0.48 0.27 0.48 0.33 0.35 0.05 0.02
Uniform Delay, d1 17.5 9.9 15.0 7.9 11.1 10.2 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.4 0.1 1.9 0.1 0.6 0.1 0.0
Delay (s) 24.8 10.1 16.8 8.0 11.7 10.3 10.2
Level of Service C B B A B B B
Approach Delay (s) 11.2 9.6 11.2 10.2
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 36.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 38.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project + Cumulative
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 242 70 459 53 9 69 26 2
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 18.0 41.0 18.0 41.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 20.0% 45.6% 20.0% 45.6% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.0 9.2 7.5 11.6 7.5 7.5 7.5
Actuated g/C Ratio 0.21 0.32 0.26 0.40 0.26 0.26 0.26
v/c Ratio 0.00 0.29 0.18 0.38 0.18 0.18 0.08
Control Delay 15.0 9.0 12.5 7.4 12.8 5.7 11.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.0 9.0 12.5 7.4 12.8 5.7 11.9
LOS B A B A B A B
Approach Delay 9.0 8.0 9.0 11.9
Approach LOS A A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 29.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.38
Intersection Signal Delay: 8.6 Intersection LOS: A
Intersection Capacity Utilization 35.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Existing + Proposed Project + Cumulative
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 242 64 70 459 50 53 9 69 26 2 1
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3429 1583 3487 1786 1417 1775
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.75
Satd. Flow (perm) 1583 3429 1583 3487 1388 1417 1395
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 255 67 74 483 53 56 9 73 27 2 1
RTOR Reduction (vph) 0 31 0 0 10 0 0 0 56 0 1 0
Lane Group Flow (vph) 1 291 0 74 526 0 0 65 17 0 29 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 9.9 2.5 11.6 7.5 7.5 7.5
Effective Green, g (s) 0.8 9.9 2.5 11.6 7.5 7.5 7.5
Actuated g/C Ratio 0.03 0.31 0.08 0.36 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 40 1064 124 1268 326 333 328
v/s Ratio Prot 0.00 0.08 c0.05 c0.15
v/s Ratio Perm c0.05 0.01 0.02
v/c Ratio 0.02 0.27 0.60 0.41 0.20 0.05 0.09
Uniform Delay, d1 15.2 8.3 14.2 7.6 9.8 9.4 9.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.1 7.5 0.2 0.3 0.1 0.1
Delay (s) 15.4 8.4 21.7 7.8 10.1 9.5 9.6
Level of Service B A C A B A A
Approach Delay (s) 8.5 9.5 9.8 9.6
Approach LOS A A A A


Intersection Summary
HCM Average Control Delay 9.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 31.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 35.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project + Cumulative
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 53 273 538 27 15 59
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 56 287 566 28 16 62
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked 0.99 0.99 0.99
vC, conflicting volume 595 836 297
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 568 812 268
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 95 91
cM capacity (veh/h) 989 296 722


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 56 144 144 378 217 78
Volume Left 56 0 0 0 0 16
Volume Right 0 0 0 0 28 62
cSH 989 1700 1700 1700 1700 559
Volume to Capacity 0.06 0.08 0.08 0.22 0.13 0.14
Queue Length 95th (ft) 4 0 0 0 0 12
Control Delay (s) 8.9 0.0 0.0 0.0 0.0 12.5
Lane LOS A B
Approach Delay (s) 1.4 0.0 12.5
Approach LOS B


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Proposed Project + Cumulative
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 84 181 44 139 393 201 40 105 193 177 157
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 9.0 29.0 29.0 20.0 40.0 40.0 8.0 29.0 12.0 33.0 33.0
Total Split (%) 10.0% 32.2% 32.2% 22.2% 44.4% 44.4% 8.9% 32.2% 13.3% 36.7% 36.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 5.0 26.4 26.4 16.4 35.3 35.3 4.0 19.8 8.7 28.0 28.0
Actuated g/C Ratio 0.06 0.31 0.31 0.19 0.42 0.42 0.05 0.23 0.10 0.33 0.33
v/c Ratio 0.94 0.17 0.10 0.48 0.28 0.30 0.56 0.45 0.65 0.30 0.29
Control Delay 123.2 25.1 8.4 27.8 11.3 2.9 71.1 24.8 49.0 23.8 5.3
Queue Delay 0.0 0.0 0.0 1.3 0.8 0.9 0.0 0.0 0.0 0.0 0.0
Total Delay 123.2 25.1 8.4 29.1 12.1 3.8 71.1 24.8 49.0 23.8 5.3
LOS F C A C B A E C D C A
Approach Delay 49.3 13.0 32.8 27.5
Approach LOS D B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.94
Intersection Signal Delay: 26.0 Intersection LOS: C
Intersection Capacity Utilization 46.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Existing + Proposed Project + Cumulative
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 84 181 44 139 393 201 40 105 85 193 177 157
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1738 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1738 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 88 191 46 146 414 212 42 111 89 203 186 165
RTOR Reduction (vph) 0 0 32 0 0 126 0 34 0 0 0 112
Lane Group Flow (vph) 88 191 14 146 414 86 42 166 0 203 186 53
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 5.9 26.4 26.4 14.8 35.3 35.3 2.3 19.8 10.5 28.0 28.0
Effective Green, g (s) 5.9 26.4 26.4 14.8 35.3 35.3 2.3 19.8 10.5 28.0 28.0
Actuated g/C Ratio 0.07 0.30 0.30 0.17 0.40 0.40 0.03 0.23 0.12 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 107 1068 428 268 1428 572 42 393 369 596 453
v/s Ratio Prot c0.06 0.05 c0.09 c0.12 c0.03 c0.10 c0.07 0.10
v/s Ratio Perm 0.01 0.06 0.04
v/c Ratio 0.82 0.18 0.03 0.54 0.29 0.15 1.00 0.42 0.55 0.31 0.12
Uniform Delay, d1 40.3 22.5 21.5 33.3 17.6 16.6 42.6 29.0 36.3 22.5 21.0
Progression Factor 1.00 1.00 1.00 0.79 0.64 0.85 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 37.7 0.1 0.0 1.1 0.1 0.1 138.9 0.7 1.8 0.3 0.1
Delay (s) 78.0 22.6 21.6 27.3 11.3 14.1 181.5 29.7 38.0 22.8 21.1
Level of Service E C C C B B F C D C C
Approach Delay (s) 37.5 15.1 56.0 27.9
Approach LOS D B E C


Intersection Summary
HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 87.5 Sum of lost time (s) 20.0
Intersection Capacity Utilization 46.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


AM Existing + Proposed Project + Cumulative
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 1 214 242 457 0
Turn Type Perm Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4 4
Detector Phase 4 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 29.0 29.0 29.0 40.0 33.0 12.0 29.0 20.0 8.0 9.0
Total Split (%) 32.2% 32.2% 32.2% 44.4% 36.7% 13% 32% 22% 9% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None Min None Min None None None
Act Effct Green (s) 26.4 26.4 35.3 28.0
Actuated g/C Ratio 0.31 0.31 0.42 0.33
v/c Ratio 0.39 0.41 0.91 0.85
Control Delay 12.9 5.4 35.8 44.4
Queue Delay 0.5 0.5 0.1 0.0
Total Delay 13.3 5.9 35.9 44.4
LOS B A D D
Approach Delay 9.4 35.9 44.4
Approach LOS A D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.94
Intersection Signal Delay: 30.5 Intersection LOS: C
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Existing + Proposed Project + Cumulative
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 214 242 203 457 0 0 0 0 107 0 334
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.90
Flt Protected 1.00 1.00 0.98 0.99
Satd. Flow (prot) 1862 1417 1835 1652
Flt Permitted 1.00 1.00 0.98 0.99
Satd. Flow (perm) 1860 1417 1835 1652
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 225 255 214 481 0 0 0 0 113 0 352
RTOR Reduction (vph) 0 0 178 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 226 77 0 695 0 0 0 0 0 465 0
Turn Type Perm Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 4 6
Actuated Green, G (s) 26.4 26.4 35.3 28.0
Effective Green, g (s) 26.4 26.4 35.3 28.0
Actuated g/C Ratio 0.30 0.30 0.40 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 561 428 740 529
v/s Ratio Prot c0.38
v/s Ratio Perm 0.12 0.05 0.28
v/c Ratio 0.40 0.18 0.94 0.88
Uniform Delay, d1 24.3 22.6 25.1 28.1
Progression Factor 0.41 0.93 0.92 1.00
Incremental Delay, d2 0.4 0.2 13.6 15.3
Delay (s) 10.4 21.2 36.7 43.4
Level of Service B C D D
Approach Delay (s) 16.1 36.7 0.0 43.4
Approach LOS B D A D


Intersection Summary
HCM Average Control Delay 32.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 87.5 Sum of lost time (s) 24.2
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Proposed Project + Cumulative
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 169 421 1 234
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 29.0 40.0 29.0 29.0 12.0 20.0 8.0 33.0 9.0
Total Split (%) 32.2% 44.4% 32.2% 32.2% 13% 22% 9% 37% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 26.4 35.3 19.8 19.8
Actuated g/C Ratio 0.31 0.42 0.23 0.23
v/c Ratio 0.52 0.92 0.74 0.74
Control Delay 20.9 43.2 41.7 44.6
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 20.9 43.2 41.7 44.6
LOS C D D D
Approach Delay 20.9 43.2 43.0
Approach LOS C D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 84.9
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.94
Intersection Signal Delay: 38.8 Intersection LOS: D
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing + Proposed Project + Cumulative
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 113 169 0 0 421 242 291 1 234 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1826 1771 1774 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1826 1771 1774 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 119 178 0 0 443 255 306 1 246 0 0 0
RTOR Reduction (vph) 0 0 0 0 23 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 297 0 0 675 0 0 307 246 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 26.4 35.3 19.8 19.8
Effective Green, g (s) 26.4 35.3 19.8 19.8
Actuated g/C Ratio 0.30 0.40 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 551 714 401 321
v/s Ratio Prot 0.16 c0.38 0.17 c0.17
v/s Ratio Perm
v/c Ratio 0.54 0.95 0.77 0.77
Uniform Delay, d1 25.5 25.2 31.7 31.7
Progression Factor 0.64 1.00 1.00 1.00
Incremental Delay, d2 0.9 21.3 8.5 10.4
Delay (s) 17.1 46.4 40.1 42.1
Level of Service B D D D
Approach Delay (s) 17.1 46.4 41.0 0.0
Approach LOS B D D A


Intersection Summary
HCM Average Control Delay 38.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 87.5 Sum of lost time (s) 32.4
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Proposed Project + Cumulative
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 42 1 2 68 23 14
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 44 1 2 72 24 15
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 74 127 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 127 38
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 97 99
cM capacity (veh/h) 1526 842 1034


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 45 74 39
Volume Left 44 0 24
Volume Right 0 72 15
cSH 1526 1700 906
Volume to Capacity 0.03 0.04 0.04
Queue Length 95th (ft) 2 0 3
Control Delay (s) 7.3 0.0 9.2
Lane LOS A A
Approach Delay (s) 7.3 0.0 9.2
Approach LOS A


Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Proposed Project + Cumulative
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 43 0 0 32
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 45 0 0 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 91 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 91 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 97
cM capacity (veh/h) 1623 884 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 45 34
Volume Left 0 45 0
Volume Right 0 0 34
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.03
Queue Length 95th (ft) 0 2 2
Control Delay (s) 0.0 7.3 8.4
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.4
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Proposed Project + Cumulative
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 16 17 19 223 367 13
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 17 18 20 235 386 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 668 393 400
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 668 393 400
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 416 656 1159


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 35 255 400
Volume Left 17 20 0
Volume Right 18 0 14
cSH 513 1159 1700
Volume to Capacity 0.07 0.02 0.24
Queue Length 95th (ft) 5 1 0
Control Delay (s) 12.5 0.8 0.0
Lane LOS B A
Approach Delay (s) 12.5 0.8 0.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 37.4% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Proposed Project + Cumulative
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 31 35 60 47 165 54 451 115 295
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 21.0 21.0 21.0 21.0 19.0 14.0 29.0 19.0 34.0
Total Split (%) 23.3% 23.3% 23.3% 23.3% 21.1% 15.6% 32.2% 21.1% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.6 9.6 9.8 9.8 20.3 10.2 20.2 12.4 24.2
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.42 0.21 0.42 0.26 0.50
v/c Ratio 0.11 0.15 0.10 0.13 0.25 0.17 0.36 0.30 0.20
Control Delay 25.8 12.8 24.4 25.3 3.6 25.5 17.3 23.9 12.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.8 12.8 24.4 25.3 3.6 25.5 17.3 23.9 12.8
LOS C B C C A C B C B
Approach Delay 16.0 11.9 18.1 15.7
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 48.5
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.36
Intersection Signal Delay: 15.9 Intersection LOS: B
Intersection Capacity Utilization 39.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Existing + Proposed Project + Cumulative
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 31 35 64 60 47 165 54 451 53 115 295 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3197 3072 1863 1417 1583 3483 1583 3490
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3197 3072 1863 1417 1583 3483 1583 3490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 33 37 67 63 49 174 57 475 56 121 311 32
RTOR Reduction (vph) 0 61 0 0 0 132 0 9 0 0 8 0
Lane Group Flow (vph) 33 43 0 63 49 42 57 522 0 121 335 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 4.9 4.9 5.1 5.1 12.4 4.1 17.5 7.3 20.7
Effective Green, g (s) 4.9 4.9 5.1 5.1 12.4 4.1 17.5 7.3 20.7
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.24 0.08 0.34 0.14 0.41
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 153 308 308 187 457 128 1200 227 1422
v/s Ratio Prot c0.02 0.01 0.02 c0.03 0.01 0.04 c0.15 c0.08 c0.10
v/s Ratio Perm 0.02
v/c Ratio 0.22 0.14 0.20 0.26 0.09 0.45 0.43 0.53 0.24
Uniform Delay, d1 21.2 21.0 21.0 21.1 14.9 22.3 12.8 20.2 9.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.2 0.3 0.8 0.1 2.5 0.3 2.4 0.1
Delay (s) 21.9 21.2 21.3 21.9 14.9 24.7 13.1 22.6 10.0
Level of Service C C C C B C B C A
Approach Delay (s) 21.4 17.5 14.2 13.2
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 15.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 50.8 Sum of lost time (s) 20.0
Intersection Capacity Utilization 39.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Proposed Project + Cumulative
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 162 56 250 137 105 61 7
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 22.0 14.0 28.0 30.0 24.0 24.0 24.0
Total Split (%) 8.9% 24.4% 15.6% 31.1% 33.3% 26.7% 26.7% 26.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 6.5 15.5 10.6 20.3 14.8 12.4 12.4 12.4
Actuated g/C Ratio 0.14 0.34 0.23 0.44 0.32 0.27 0.27 0.27
v/c Ratio 0.02 0.16 0.16 0.30 0.38 0.26 0.13 0.02
Control Delay 29.0 20.8 24.8 9.4 19.9 23.1 21.5 13.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 29.0 20.8 24.8 9.4 19.9 23.1 21.5 13.6
LOS C C C A B C C B
Approach Delay 21.0 11.2 19.9 22.2
Approach LOS C B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 45.9
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.38
Intersection Signal Delay: 16.4 Intersection LOS: B
Intersection Capacity Utilization 47.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Existing + Proposed Project + Cumulative
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 162 16 56 250 192 34 137 41 105 61 7
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3491 1583 3309 1800 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3491 1583 3309 1800 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 171 17 59 263 202 36 144 43 111 64 7
RTOR Reduction (vph) 0 7 0 0 134 0 0 11 0 0 0 6
Lane Group Flow (vph) 4 181 0 59 331 0 0 212 0 111 64 1
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 13.2 4.0 16.7 9.0 7.1 7.1 7.1
Effective Green, g (s) 0.5 13.2 4.0 16.7 9.0 7.1 7.1 7.1
Actuated g/C Ratio 0.01 0.27 0.08 0.34 0.18 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 16 935 128 1121 329 228 268 204
v/s Ratio Prot 0.00 0.05 c0.04 c0.10 c0.12 c0.07 0.03
v/s Ratio Perm 0.00
v/c Ratio 0.25 0.19 0.46 0.30 0.65 0.49 0.24 0.00
Uniform Delay, d1 24.2 13.9 21.6 12.0 18.7 19.4 18.7 18.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 8.1 0.1 2.6 0.1 4.3 1.6 0.5 0.0
Delay (s) 32.3 14.0 24.2 12.1 23.0 21.1 19.2 18.1
Level of Service C B C B C C B B
Approach Delay (s) 14.4 13.5 23.0 20.3
Approach LOS B B C C


Intersection Summary
HCM Average Control Delay 16.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 49.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 47.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


Gillespie Field Traffic Impact Study Appendix Page 191 of 296







PM Existing + Proposed Project + Cumulative
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 7 350 78 244 103 11 140 5 26
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 34.0 22.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 37.8% 24.4% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.5 11.5 8.4 16.5 9.8 9.8 9.8
Actuated g/C Ratio 0.18 0.31 0.23 0.45 0.27 0.27 0.27
v/c Ratio 0.03 0.44 0.23 0.16 0.34 0.30 0.11
Control Delay 19.3 12.1 17.4 7.0 17.1 5.5 10.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.3 12.1 17.4 7.0 17.1 5.5 10.8
LOS B B B A B A B
Approach Delay 12.2 9.5 10.7 10.8
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 36.8
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.44
Intersection Signal Delay: 11.0 Intersection LOS: B
Intersection Capacity Utilization 41.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Existing + Proposed Project + Cumulative
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 7 350 115 78 244 4 103 11 140 5 26 19
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1583 3408 1583 3531 1783 1417 1758
Flt Permitted 0.95 1.00 0.95 1.00 0.71 1.00 0.97
Satd. Flow (perm) 1583 3408 1583 3531 1323 1417 1717
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 7 368 121 82 257 4 108 12 147 5 27 20
RTOR Reduction (vph) 0 35 0 0 1 0 0 0 110 0 15 0
Lane Group Flow (vph) 7 454 0 82 260 0 0 120 37 0 37 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.9 13.0 4.4 16.5 9.8 9.8 9.8
Effective Green, g (s) 0.9 13.0 4.4 16.5 9.8 9.8 9.8
Actuated g/C Ratio 0.02 0.33 0.11 0.42 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 36 1130 178 1486 331 354 429
v/s Ratio Prot 0.00 c0.13 c0.05 c0.07
v/s Ratio Perm c0.09 0.03 0.02
v/c Ratio 0.19 0.40 0.46 0.17 0.36 0.10 0.09
Uniform Delay, d1 18.8 10.1 16.3 7.1 12.1 11.3 11.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.6 0.2 1.9 0.1 0.7 0.1 0.1
Delay (s) 21.4 10.3 18.2 7.2 12.8 11.4 11.4
Level of Service C B B A B B B
Approach Delay (s) 10.5 9.8 12.1 11.4
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 39.2 Sum of lost time (s) 16.0
Intersection Capacity Utilization 41.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project + Cumulative
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 418 63 270 76 8 120 66 8
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 35.0 21.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 38.9% 23.3% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.2 11.4 7.8 16.1 8.7 8.7 8.7
Actuated g/C Ratio 0.18 0.32 0.22 0.46 0.25 0.25 0.25
v/c Ratio 0.00 0.44 0.19 0.19 0.28 0.28 0.24
Control Delay 18.0 11.9 16.3 6.2 16.5 5.9 15.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.0 11.9 16.3 6.2 16.5 5.9 15.7
LOS B B B A B A B
Approach Delay 11.9 8.0 10.2 15.7
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 35.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.44
Intersection Signal Delay: 10.6 Intersection LOS: B
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Existing + Proposed Project + Cumulative
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 418 60 63 270 28 76 8 120 66 8 2
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3473 1583 3490 1782 1417 1779
Flt Permitted 0.95 1.00 0.95 1.00 0.69 1.00 0.70
Satd. Flow (perm) 1583 3473 1583 3490 1286 1417 1305
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 440 63 66 284 29 80 8 126 69 8 2
RTOR Reduction (vph) 0 13 0 0 9 0 0 0 97 0 2 0
Lane Group Flow (vph) 1 490 0 66 304 0 0 88 29 0 77 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 12.8 4.1 16.1 8.7 8.7 8.7
Effective Green, g (s) 0.8 12.8 4.1 16.1 8.7 8.7 8.7
Actuated g/C Ratio 0.02 0.34 0.11 0.43 0.23 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 34 1182 173 1494 298 328 302
v/s Ratio Prot 0.00 c0.14 c0.04 c0.09
v/s Ratio Perm c0.07 0.02 0.06
v/c Ratio 0.03 0.41 0.38 0.20 0.30 0.09 0.26
Uniform Delay, d1 18.0 9.5 15.6 6.7 11.9 11.3 11.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.2 1.4 0.1 0.6 0.1 0.5
Delay (s) 18.4 9.8 17.0 6.8 12.5 11.5 12.3
Level of Service B A B A B B B
Approach Delay (s) 9.8 8.6 11.9 12.3
Approach LOS A A B B


Intersection Summary
HCM Average Control Delay 9.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 37.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project + Cumulative
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 89 547 311 11 21 66
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 94 576 327 12 22 69
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 339 808 169
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 339 808 169
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 92 92 92
cM capacity (veh/h) 1217 294 845


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 94 288 288 218 121 92
Volume Left 94 0 0 0 0 22
Volume Right 0 0 0 0 12 69
cSH 1217 1700 1700 1700 1700 582
Volume to Capacity 0.08 0.17 0.17 0.13 0.07 0.16
Queue Length 95th (ft) 6 0 0 0 0 14
Control Delay (s) 8.2 0.0 0.0 0.0 0.0 12.3
Lane LOS A B
Approach Delay (s) 1.1 0.0 12.3
Approach LOS B


Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 30.3% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Proposed Project + Cumulative
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 141 362 56 173 200 221 33 192 257 244 115
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 10.0 31.0 31.0 14.0 35.0 35.0 8.0 32.0 13.0 37.0 37.0
Total Split (%) 11.1% 34.4% 34.4% 15.6% 38.9% 38.9% 8.9% 35.6% 14.4% 41.1% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 6.0 27.0 27.0 10.0 31.0 31.0 4.0 28.0 9.0 36.2 36.2
Actuated g/C Ratio 0.07 0.30 0.30 0.11 0.34 0.34 0.04 0.31 0.10 0.40 0.40
v/c Ratio 1.40 0.36 0.13 1.03 0.17 0.36 0.50 0.60 0.88 0.34 0.19
Control Delay 260.3 25.9 7.3 92.2 14.2 2.9 67.0 28.1 70.2 21.3 4.6
Queue Delay 0.0 0.1 0.0 0.0 0.0 1.2 0.0 0.0 5.5 0.0 0.0
Total Delay 260.3 26.0 7.3 92.2 14.2 4.1 67.0 28.2 75.7 21.3 4.6
LOS F C A F B A E C E C A
Approach Delay 83.1 33.1 31.8 40.9
Approach LOS F C C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 48.3 Intersection LOS: D
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Existing + Proposed Project + Cumulative
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 141 362 56 173 200 221 33 192 133 257 244 115
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1748 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1748 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 148 381 59 182 211 233 35 202 140 271 257 121
RTOR Reduction (vph) 0 0 42 0 0 154 0 28 0 0 0 73
Lane Group Flow (vph) 148 381 17 182 211 79 35 314 0 271 257 48
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Effective Green, g (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Actuated g/C Ratio 0.07 0.29 0.29 0.11 0.34 0.34 0.03 0.31 0.12 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 104 1043 418 173 1198 480 41 534 355 736 560
v/s Ratio Prot 0.09 c0.11 c0.11 0.06 0.02 c0.18 c0.09 0.14
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 1.42 0.37 0.04 1.05 0.18 0.16 0.85 0.59 0.76 0.35 0.09
Uniform Delay, d1 42.8 25.5 23.1 40.8 21.3 21.2 44.4 26.9 39.3 19.4 17.3
Progression Factor 1.00 1.00 1.00 0.78 0.67 0.65 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 237.1 0.2 0.0 62.8 0.0 0.1 85.0 1.7 9.4 0.3 0.1
Delay (s) 279.9 25.7 23.1 94.6 14.4 13.9 129.4 28.6 48.7 19.7 17.4
Level of Service F C C F B B F C D B B
Approach Delay (s) 89.5 37.5 37.9 31.4
Approach LOS F D D C


Intersection Summary
HCM Average Control Delay 49.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


PM Existing + Proposed Project + Cumulative
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 3 353 439 355 0
Turn Type Perm Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4 4
Detector Phase 4 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 31.0 31.0 31.0 35.0 37.0 13.0 32.0 14.0 8.0 10.0
Total Split (%) 34.4% 34.4% 34.4% 38.9% 41.1% 14% 36% 16% 9% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None Min None Min None None None
Act Effct Green (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.30 0.30 0.34 0.40
v/c Ratio 0.67 0.62 0.98 0.68
Control Delay 19.2 7.0 54.8 29.6
Queue Delay 4.6 1.1 0.0 0.0
Total Delay 23.8 8.1 54.8 29.6
LOS C A D C
Approach Delay 15.1 54.8 29.6
Approach LOS B D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 31.4 Intersection LOS: C
Intersection Capacity Utilization 97.6% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 3 353 439 231 355 0 0 0 0 213 0 228
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.93
Flt Protected 1.00 1.00 0.98 0.98
Satd. Flow (prot) 1862 1417 1827 1692
Flt Permitted 1.00 1.00 0.98 0.98
Satd. Flow (perm) 1858 1417 1827 1692
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 3 372 462 243 374 0 0 0 0 224 0 240
RTOR Reduction (vph) 0 0 326 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 375 136 0 617 0 0 0 0 0 464 0
Turn Type Perm Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 4 6
Actuated Green, G (s) 27.0 27.0 31.0 36.2
Effective Green, g (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.29 0.29 0.34 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 548 418 618 669
v/s Ratio Prot c0.34
v/s Ratio Perm 0.20 0.10 0.27
v/c Ratio 0.68 0.33 1.00 0.69
Uniform Delay, d1 28.5 25.2 30.3 23.1
Progression Factor 0.49 1.36 0.94 1.00
Incremental Delay, d2 3.0 0.4 29.4 3.1
Delay (s) 16.9 34.6 57.8 26.2
Level of Service B C E C
Approach Delay (s) 26.6 57.8 0.0 26.2
Approach LOS C E A C


Intersection Summary
HCM Average Control Delay 36.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 28.4
Intersection Capacity Utilization 97.6% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Proposed Project + Cumulative
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 393 374 3 458
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 31.0 35.0 32.0 32.0 13.0 14.0 8.0 37.0 10.0
Total Split (%) 34.4% 38.9% 35.6% 35.6% 14% 16% 9% 41% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.30 0.34 0.31 0.31
v/c Ratio 1.07 0.88 0.42 1.09
Control Delay 77.6 44.3 27.4 102.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 77.6 44.3 27.4 102.3
LOS E D C F
Approach Delay 77.6 44.3 78.0
Approach LOS E D E


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 67.8 Intersection LOS: E
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps


Gillespie Field Traffic Impact Study Appendix Page 196 of 296







PM Existing + Proposed Project + Cumulative
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 168 393 0 0 374 157 217 3 458 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.85
Flt Protected 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1835 1789 1775 1417
Flt Permitted 0.99 1.00 0.95 1.00
Satd. Flow (perm) 1835 1789 1775 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 177 414 0 0 394 165 228 3 482 0 0 0
RTOR Reduction (vph) 0 0 0 0 17 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 591 0 0 542 0 0 231 482 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 27.0 31.0 28.0 28.0
Effective Green, g (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.29 0.34 0.31 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 605 543 433
v/s Ratio Prot c0.32 0.30 0.13 c0.34
v/s Ratio Perm
v/c Ratio 1.09 0.90 0.43 1.11
Uniform Delay, d1 32.3 28.8 25.4 31.8
Progression Factor 0.65 1.00 1.00 1.00
Incremental Delay, d2 61.1 15.7 0.5 77.7
Delay (s) 82.1 44.5 25.9 109.5
Level of Service F D C F
Approach Delay (s) 82.1 44.5 82.4 0.0
Approach LOS F D F A


Intersection Summary
HCM Average Control Delay 70.9 HCM Level of Service E
HCM Volume to Capacity ratio 1.10
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 36.6
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Proposed Project + Cumulative
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 26 1 2 42 88 39
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 27 1 2 44 93 41
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 46 80 24
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 46 80 24
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 90 96
cM capacity (veh/h) 1561 906 1052


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 28 46 134
Volume Left 27 0 93
Volume Right 0 44 41
cSH 1561 1700 947
Volume to Capacity 0.02 0.03 0.14
Queue Length 95th (ft) 1 0 12
Control Delay (s) 7.1 0.0 9.4
Lane LOS A A
Approach Delay (s) 7.1 0.0 9.4
Approach LOS A


Intersection Summary
Average Delay 7.0
Intersection Capacity Utilization 23.1% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Proposed Project + Cumulative
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 31 0 0 78
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 33 0 0 82
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 65 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 65 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 92
cM capacity (veh/h) 1623 921 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 33 82
Volume Left 0 33 0
Volume Right 0 0 82
cSH 1700 1623 1085
Volume to Capacity 0.00 0.02 0.08
Queue Length 95th (ft) 0 2 6
Control Delay (s) 0.0 7.3 8.6
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.6
Approach LOS A


Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Proposed Project + Cumulative
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 29 11 456 419 19
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 45 31 12 480 441 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 954 451 461
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 954 451 461
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 84 95 99
cM capacity (veh/h) 284 608 1100


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 76 492 461
Volume Left 45 12 0
Volume Right 31 0 20
cSH 362 1100 1700
Volume to Capacity 0.21 0.01 0.27
Queue Length 95th (ft) 19 1 0
Control Delay (s) 17.6 0.3 0.0
Lane LOS C A
Approach Delay (s) 17.6 0.3 0.0
Approach LOS C


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 44.2% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Proposed Project + Cumulative
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 12 8 73 27 122 19 377 180 687
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 22.0 11.0 28.0 22.0 39.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 24.4% 12.2% 31.1% 24.4% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.6 8.6 9.3 9.3 19.4 8.7 18.1 14.1 30.5
Actuated g/C Ratio 0.21 0.21 0.22 0.22 0.46 0.21 0.43 0.34 0.73
v/c Ratio 0.04 0.03 0.11 0.07 0.18 0.06 0.30 0.35 0.29
Control Delay 25.2 17.5 22.5 23.8 3.2 25.3 15.1 19.2 7.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.2 17.5 22.5 23.8 3.2 25.3 15.1 19.2 7.0
LOS C B C C A C B B A
Approach Delay 20.5 12.0 15.6 9.5
Approach LOS C B B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 41.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.35
Intersection Signal Delay: 11.8 Intersection LOS: B
Intersection Capacity Utilization 42.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Existing + Proposed Project + Cumulative
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 8 12 73 27 122 19 377 57 180 687 17
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3211 3072 1863 1417 1583 3470 1583 3526
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3211 3072 1863 1417 1583 3470 1583 3526
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 13 8 13 77 28 128 20 397 60 189 723 18
RTOR Reduction (vph) 0 13 0 0 0 94 0 11 0 0 1 0
Lane Group Flow (vph) 13 8 0 77 28 34 20 446 0 189 740 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 1.8 1.8 3.5 3.5 12.9 0.9 17.9 9.4 26.4
Effective Green, g (s) 1.8 1.8 3.5 3.5 12.9 0.9 17.9 9.4 26.4
Actuated g/C Ratio 0.04 0.04 0.07 0.07 0.27 0.02 0.37 0.19 0.54
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 59 119 221 134 493 29 1278 306 1915
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.01 0.01 0.13 c0.12 c0.21
v/s Ratio Perm 0.01
v/c Ratio 0.22 0.07 0.35 0.21 0.07 0.69 0.35 0.62 0.39
Uniform Delay, d1 22.7 22.6 21.5 21.2 13.4 23.7 11.1 18.0 6.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 0.3 1.0 0.8 0.1 51.3 0.2 3.7 0.1
Delay (s) 24.6 22.8 22.4 22.0 13.4 75.0 11.3 21.6 6.5
Level of Service C C C C B E B C A
Approach Delay (s) 23.5 17.4 14.0 9.6
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 48.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 42.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Proposed Project + Cumulative
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 236 38 169 110 149 139 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 9.0 22.0 13.0 26.0 30.0 25.0 25.0 25.0
Total Split (%) 10.0% 24.4% 14.4% 28.9% 33.3% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 5.6 10.3 7.4 12.8 11.6 11.5 11.5 11.5
Actuated g/C Ratio 0.11 0.20 0.15 0.25 0.23 0.23 0.23 0.23
v/c Ratio 0.02 0.39 0.17 0.37 0.49 0.43 0.34 0.03
Control Delay 30.0 21.2 27.4 10.2 21.6 24.2 22.1 12.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 30.0 21.2 27.4 10.2 21.6 24.2 22.1 12.2
LOS C C C B C C C B
Approach Delay 21.3 11.9 21.6 22.8
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 50.4
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.49
Intersection Signal Delay: 18.7 Intersection LOS: B
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Existing + Proposed Project + Cumulative
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 236 32 38 169 166 23 110 65 149 139 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.93 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3475 1583 3276 1770 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3475 1583 3276 1770 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 248 34 40 178 175 24 116 68 157 146 11
RTOR Reduction (vph) 0 12 0 0 132 0 0 21 0 0 0 9
Lane Group Flow (vph) 4 270 0 40 221 0 0 187 0 157 146 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.7 11.0 2.5 12.8 11.6 11.5 11.5 11.5
Effective Green, g (s) 0.7 11.0 2.5 12.8 11.6 11.5 11.5 11.5
Actuated g/C Ratio 0.01 0.21 0.05 0.24 0.22 0.22 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 21 727 75 797 390 346 407 310
v/s Ratio Prot 0.00 c0.08 c0.03 0.07 c0.11 c0.10 0.08
v/s Ratio Perm 0.00
v/c Ratio 0.19 0.37 0.53 0.28 0.48 0.45 0.36 0.01
Uniform Delay, d1 25.7 17.8 24.5 16.1 17.9 17.8 17.4 16.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.4 0.3 7.1 0.2 0.9 0.9 0.5 0.0
Delay (s) 30.1 18.2 31.6 16.3 18.8 18.8 18.0 16.1
Level of Service C B C B B B B B
Approach Delay (s) 18.3 17.9 18.8 18.3
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 52.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Proposed Project + Cumulative
DIAGRAM AND TRAFFIC FLOWS:


334 0 107
(228) () (213)


113 (168) 242 (157)
214 (353) 457 (355) 169 (393) 421 (374)
242 (439) 203 (231)


291 1 234
(217) (3) (458)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 441
Intersection #5 Intersection #6 (441)


214 (353) Intersection #6
282 (561) 660 (586) 663 (531)


242 (439)
Intersection #5


292 234
(220) (458)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


282 (561) 663 (586) 441 (458)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1386 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1605) (PM) At Capacity X - > 1,200 but < 1,500 ILV/HR.
- X > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


5
6


Signal


Signal RTOL


65


N


Bradley Ave
Bradley Ave


SR-67 SB Ramp


SR-67 NB Ramp
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Appendix O 
 
Existing (Year 2011) + Alternative A + Cumulative LOS & ILV Calculations 
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AM Existing + Alternative A + Cumulative
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 21 228 89 421 97 24 69 2 4
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 29.0 26.0 43.0 35.0 35.0 35.0 35.0 35.0
Total Split (%) 13.3% 32.2% 28.9% 47.8% 38.9% 38.9% 38.9% 38.9% 38.9%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.7 9.2 8.3 14.0 9.4 9.4 9.4
Actuated g/C Ratio 0.20 0.27 0.24 0.41 0.28 0.28 0.28
v/c Ratio 0.07 0.30 0.24 0.30 0.32 0.16 0.03
Control Delay 16.5 12.1 15.1 8.2 15.0 5.4 9.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 16.5 12.1 15.1 8.2 15.0 5.4 9.9
LOS B B B A B A A
Approach Delay 12.4 9.4 11.5 9.9
Approach LOS B A B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 33.9
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.32
Intersection Signal Delay: 10.7 Intersection LOS: B
Intersection Capacity Utilization 38.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Existing + Alternative A + Cumulative
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 21 228 47 89 421 2 97 24 69 2 4 6
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 1.00 1.00 0.85 0.93
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3449 1583 3537 1791 1417 1723
Flt Permitted 0.95 1.00 0.95 1.00 0.76 1.00 0.96
Satd. Flow (perm) 1583 3449 1583 3537 1416 1417 1662
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 22 240 49 94 443 2 102 25 73 2 4 6
RTOR Reduction (vph) 0 18 0 0 1 0 0 0 54 0 4 0
Lane Group Flow (vph) 22 271 0 94 444 0 0 127 19 0 8 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.1 10.7 4.5 14.1 9.4 9.4 9.4
Effective Green, g (s) 1.1 10.7 4.5 14.1 9.4 9.4 9.4
Actuated g/C Ratio 0.03 0.29 0.12 0.39 0.26 0.26 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 48 1008 195 1363 364 364 427
v/s Ratio Prot 0.01 0.08 c0.06 c0.13
v/s Ratio Perm c0.09 0.01 0.00
v/c Ratio 0.46 0.27 0.48 0.33 0.35 0.05 0.02
Uniform Delay, d1 17.5 9.9 15.0 7.9 11.1 10.2 10.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 6.8 0.1 1.9 0.1 0.6 0.1 0.0
Delay (s) 24.2 10.1 16.8 8.0 11.7 10.3 10.2
Level of Service C B B A B B B
Approach Delay (s) 11.1 9.6 11.2 10.2
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 36.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 38.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A + Cumulative
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 241 70 459 53 10 69 25 3
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 18.0 41.0 18.0 41.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 20.0% 45.6% 20.0% 45.6% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.0 9.3 7.5 11.7 7.5 7.5 7.5
Actuated g/C Ratio 0.21 0.32 0.26 0.40 0.26 0.26 0.26
v/c Ratio 0.00 0.29 0.18 0.38 0.19 0.17 0.08
Control Delay 15.0 9.0 12.5 7.5 12.8 5.7 11.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 15.0 9.0 12.5 7.5 12.8 5.7 11.9
LOS B A B A B A B
Approach Delay 9.0 8.1 9.1 11.9
Approach LOS A A A B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 29.2
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.38
Intersection Signal Delay: 8.6 Intersection LOS: A
Intersection Capacity Utilization 35.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Existing + Alternative A + Cumulative
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 241 64 70 459 50 53 10 69 25 3 1
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3428 1583 3487 1788 1417 1777
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.76
Satd. Flow (perm) 1583 3428 1583 3487 1399 1417 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 254 67 74 483 53 56 11 73 26 3 1
RTOR Reduction (vph) 0 31 0 0 10 0 0 0 56 0 1 0
Lane Group Flow (vph) 1 290 0 74 526 0 0 67 17 0 29 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 10.0 2.5 11.7 7.5 7.5 7.5
Effective Green, g (s) 0.8 10.0 2.5 11.7 7.5 7.5 7.5
Actuated g/C Ratio 0.02 0.31 0.08 0.37 0.23 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 40 1071 124 1275 328 332 330
v/s Ratio Prot 0.00 0.08 c0.05 c0.15
v/s Ratio Perm c0.05 0.01 0.02
v/c Ratio 0.02 0.27 0.60 0.41 0.20 0.05 0.09
Uniform Delay, d1 15.2 8.3 14.3 7.6 9.9 9.5 9.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.1 7.5 0.2 0.3 0.1 0.1
Delay (s) 15.5 8.4 21.8 7.8 10.2 9.6 9.7
Level of Service B A C A B A A
Approach Delay (s) 8.4 9.5 9.8 9.7
Approach LOS A A A A


Intersection Summary
HCM Average Control Delay 9.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 32.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 35.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A + Cumulative
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 52 272 538 27 15 59
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 55 286 566 28 16 62
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked 0.99 0.99 0.99
vC, conflicting volume 595 833 297
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 565 806 264
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 95 91
cM capacity (veh/h) 991 298 726


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 55 143 143 378 217 78
Volume Left 55 0 0 0 0 16
Volume Right 0 0 0 0 28 62
cSH 991 1700 1700 1700 1700 562
Volume to Capacity 0.06 0.08 0.08 0.22 0.13 0.14
Queue Length 95th (ft) 4 0 0 0 0 12
Control Delay (s) 8.8 0.0 0.0 0.0 0.0 12.4
Lane LOS A B
Approach Delay (s) 1.4 0.0 12.4
Approach LOS B


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Alternative A + Cumulative
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 84 181 43 139 391 202 42 104 193 176 157
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 9.0 29.0 29.0 20.0 40.0 40.0 8.0 29.0 12.0 33.0 33.0
Total Split (%) 10.0% 32.2% 32.2% 22.2% 44.4% 44.4% 8.9% 32.2% 13.3% 36.7% 36.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 5.0 26.9 26.9 16.0 35.3 35.3 4.0 20.2 10.0 28.1 28.1
Actuated g/C Ratio 0.06 0.31 0.31 0.18 0.41 0.41 0.05 0.23 0.12 0.32 0.32
v/c Ratio 0.96 0.17 0.10 0.50 0.29 0.30 0.59 0.45 0.57 0.31 0.29
Control Delay 129.1 25.6 8.3 28.0 11.3 2.9 75.8 24.9 45.3 24.4 5.3
Queue Delay 0.0 0.0 0.0 1.6 0.9 1.0 0.0 0.0 0.0 0.0 0.0
Total Delay 129.1 25.6 8.3 29.6 12.2 3.9 75.8 24.9 45.3 24.4 5.3
LOS F C A C B A E C D C A
Approach Delay 51.3 13.2 34.1 26.4
Approach LOS D B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 86.6
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.96
Intersection Signal Delay: 26.3 Intersection LOS: C
Intersection Capacity Utilization 46.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Existing + Alternative A + Cumulative
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 84 181 43 139 391 202 42 104 85 193 176 157
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.93 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1737 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1737 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 88 191 45 146 412 213 44 109 89 203 185 165
RTOR Reduction (vph) 0 0 31 0 0 128 0 35 0 0 0 113
Lane Group Flow (vph) 88 191 14 146 412 85 44 163 0 203 185 52
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 26.9 26.9 14.4 35.3 35.3 3.1 20.1 11.0 28.0 28.0
Effective Green, g (s) 6.0 26.9 26.9 14.4 35.3 35.3 3.1 20.1 11.0 28.0 28.0
Actuated g/C Ratio 0.07 0.30 0.30 0.16 0.40 0.40 0.04 0.23 0.12 0.32 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 107 1077 431 258 1413 566 56 395 382 590 449
v/s Ratio Prot c0.06 0.05 c0.09 c0.12 c0.03 c0.09 c0.07 0.10
v/s Ratio Perm 0.01 0.06 0.04
v/c Ratio 0.82 0.18 0.03 0.57 0.29 0.15 0.79 0.41 0.53 0.31 0.12
Uniform Delay, d1 40.7 22.6 21.6 34.1 18.0 17.0 42.3 29.1 36.3 22.9 21.4
Progression Factor 1.00 1.00 1.00 0.77 0.62 0.87 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 37.7 0.1 0.0 1.3 0.1 0.1 50.4 0.7 1.4 0.3 0.1
Delay (s) 78.4 22.7 21.6 27.6 11.2 14.7 92.8 29.8 37.7 23.2 21.5
Level of Service E C C C B B F C D C C
Approach Delay (s) 37.7 15.3 41.3 28.0
Approach LOS D B D C


Intersection Summary
HCM Average Control Delay 26.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 88.4 Sum of lost time (s) 20.0
Intersection Capacity Utilization 46.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group


AM Existing + Alternative A + Cumulative
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 1 214 242 457 0
Turn Type Perm Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4 4
Detector Phase 4 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 29.0 29.0 29.0 40.0 33.0 12.0 29.0 20.0 8.0 9.0
Total Split (%) 32.2% 32.2% 32.2% 44.4% 36.7% 13% 32% 22% 9% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None Min None Min None None None
Act Effct Green (s) 26.9 26.9 35.3 28.1
Actuated g/C Ratio 0.31 0.31 0.41 0.32
v/c Ratio 0.39 0.41 0.93 0.87
Control Delay 13.5 5.7 38.9 46.7
Queue Delay 0.5 0.5 0.1 0.0
Total Delay 14.0 6.2 39.0 46.7
LOS B A D D
Approach Delay 9.9 39.0 46.7
Approach LOS A D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 86.6
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.96
Intersection Signal Delay: 32.6 Intersection LOS: C
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Existing + Alternative A + Cumulative
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 214 242 203 457 0 0 0 0 107 0 333
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.90
Flt Protected 1.00 1.00 0.98 0.99
Satd. Flow (prot) 1862 1417 1835 1652
Flt Permitted 1.00 1.00 0.98 0.99
Satd. Flow (perm) 1860 1417 1835 1652
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 225 255 214 481 0 0 0 0 113 0 351
RTOR Reduction (vph) 0 0 177 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 226 78 0 695 0 0 0 0 0 464 0
Turn Type Perm Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 4 6
Actuated Green, G (s) 26.9 26.9 35.3 28.0
Effective Green, g (s) 26.9 26.9 35.3 28.0
Actuated g/C Ratio 0.30 0.30 0.40 0.32
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 566 431 733 523
v/s Ratio Prot c0.38
v/s Ratio Perm 0.12 0.05 0.28
v/c Ratio 0.40 0.18 0.95 0.89
Uniform Delay, d1 24.4 22.6 25.7 28.7
Progression Factor 0.42 1.00 0.94 1.00
Incremental Delay, d2 0.4 0.2 14.7 16.5
Delay (s) 10.8 22.8 38.9 45.2
Level of Service B C D D
Approach Delay (s) 17.1 38.9 0.0 45.2
Approach LOS B D A D


Intersection Summary
HCM Average Control Delay 34.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 88.4 Sum of lost time (s) 25.1
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Alternative A + Cumulative
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 168 421 1 234
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 29.0 40.0 29.0 29.0 12.0 20.0 8.0 33.0 9.0
Total Split (%) 32.2% 44.4% 32.2% 32.2% 13% 22% 9% 37% 10%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 26.9 35.3 20.2 20.2
Actuated g/C Ratio 0.31 0.41 0.23 0.23
v/c Ratio 0.52 0.94 0.74 0.75
Control Delay 20.6 46.7 42.4 45.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 20.6 46.7 42.4 45.3
LOS C D D D
Approach Delay 20.6 46.7 43.7
Approach LOS C D D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 86.6
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.96
Intersection Signal Delay: 40.6 Intersection LOS: D
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing + Alternative A + Cumulative
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 114 168 0 0 421 242 291 1 234 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1826 1771 1774 1417
Flt Permitted 0.98 1.00 0.95 1.00
Satd. Flow (perm) 1826 1771 1774 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 120 177 0 0 443 255 306 1 246 0 0 0
RTOR Reduction (vph) 0 0 0 0 23 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 297 0 0 675 0 0 307 246 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 26.9 35.3 20.1 20.1
Effective Green, g (s) 26.9 35.3 20.1 20.1
Actuated g/C Ratio 0.30 0.40 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 556 707 403 322
v/s Ratio Prot 0.16 c0.38 0.17 c0.17
v/s Ratio Perm
v/c Ratio 0.53 0.95 0.76 0.76
Uniform Delay, d1 25.5 25.8 31.9 31.9
Progression Factor 0.61 1.00 1.00 1.00
Incremental Delay, d2 0.9 23.2 8.3 10.3
Delay (s) 16.5 49.0 40.2 42.2
Level of Service B D D D
Approach Delay (s) 16.5 49.0 41.1 0.0
Approach LOS B D D A


Intersection Summary
HCM Average Control Delay 39.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 88.4 Sum of lost time (s) 33.0
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Existing + Alternative A + Cumulative
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 40 1 2 68 23 13
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 1 2 72 24 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 74 123 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 123 38
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 97 99
cM capacity (veh/h) 1526 848 1034


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 43 74 38
Volume Left 42 0 24
Volume Right 0 72 14
cSH 1526 1700 907
Volume to Capacity 0.03 0.04 0.04
Queue Length 95th (ft) 2 0 3
Control Delay (s) 7.3 0.0 9.1
Lane LOS A A
Approach Delay (s) 7.3 0.0 9.1
Approach LOS A


Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 19.1% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Alternative A + Cumulative
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 42 0 0 31
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 44 0 0 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 88 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 88 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 97
cM capacity (veh/h) 1623 887 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 44 33
Volume Left 0 44 0
Volume Right 0 0 33
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.03
Queue Length 95th (ft) 0 2 2
Control Delay (s) 0.0 7.3 8.4
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.4
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Existing + Alternative A + Cumulative
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 16 16 19 223 367 12
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 17 17 20 235 386 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 667 393 399
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 667 393 399
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 416 656 1160


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 34 255 399
Volume Left 17 20 0
Volume Right 17 0 13
cSH 509 1160 1700
Volume to Capacity 0.07 0.02 0.23
Queue Length 95th (ft) 5 1 0
Control Delay (s) 12.6 0.8 0.0
Lane LOS B A
Approach Delay (s) 12.6 0.8 0.0
Approach LOS B


Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 37.4% ICU Level of Service A
Analysis Period (min) 15
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AM Existing + Alternative A + Cumulative
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 31 35 60 47 165 54 451 115 295
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 21.0 21.0 21.0 21.0 19.0 14.0 29.0 19.0 34.0
Total Split (%) 23.3% 23.3% 23.3% 23.3% 21.1% 15.6% 32.2% 21.1% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.6 9.6 9.8 9.8 20.3 10.2 20.2 12.4 24.2
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.42 0.21 0.42 0.26 0.50
v/c Ratio 0.11 0.15 0.10 0.13 0.25 0.17 0.36 0.30 0.20
Control Delay 25.8 12.8 24.4 25.3 3.6 25.4 17.3 23.9 12.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.8 12.8 24.4 25.3 3.6 25.4 17.3 23.9 12.8
LOS C B C C A C B C B
Approach Delay 16.0 11.9 18.1 15.7
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 48.5
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.36
Intersection Signal Delay: 15.9 Intersection LOS: B
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Existing + Alternative A + Cumulative
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 31 35 64 60 47 165 54 451 52 115 295 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3197 3072 1863 1417 1583 3484 1583 3490
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3197 3072 1863 1417 1583 3484 1583 3490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 33 37 67 63 49 174 57 475 55 121 311 32
RTOR Reduction (vph) 0 61 0 0 0 131 0 9 0 0 8 0
Lane Group Flow (vph) 33 43 0 63 49 43 57 521 0 121 335 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 4.9 4.9 5.1 5.1 12.5 4.2 17.6 7.4 20.8
Effective Green, g (s) 4.9 4.9 5.1 5.1 12.5 4.2 17.6 7.4 20.8
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.25 0.08 0.35 0.15 0.41
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 152 307 307 186 458 130 1202 230 1423
v/s Ratio Prot c0.02 0.01 0.02 c0.03 0.01 0.04 c0.15 c0.08 c0.10
v/s Ratio Perm 0.02
v/c Ratio 0.22 0.14 0.21 0.26 0.09 0.44 0.43 0.53 0.24
Uniform Delay, d1 21.3 21.1 21.1 21.2 14.9 22.3 12.9 20.2 9.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 0.2 0.3 0.8 0.1 2.4 0.3 2.2 0.1
Delay (s) 22.0 21.3 21.4 22.0 15.0 24.6 13.1 22.3 10.0
Level of Service C C C C B C B C A
Approach Delay (s) 21.5 17.6 14.2 13.2
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 15.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 51.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Existing + Alternative A + Cumulative
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 161 56 250 137 105 61 7
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 22.0 14.0 28.0 30.0 24.0 24.0 24.0
Total Split (%) 8.9% 24.4% 15.6% 31.1% 33.3% 26.7% 26.7% 26.7%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 6.5 15.5 10.6 20.2 14.9 12.4 12.4 12.4
Actuated g/C Ratio 0.14 0.34 0.23 0.44 0.32 0.27 0.27 0.27
v/c Ratio 0.02 0.16 0.16 0.30 0.38 0.26 0.13 0.02
Control Delay 29.0 20.9 24.8 9.5 19.7 23.1 21.5 13.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 29.0 20.9 24.8 9.5 19.7 23.1 21.5 13.6
LOS C C C A B C C B
Approach Delay 21.1 11.2 19.7 22.2
Approach LOS C B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 45.9
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.38
Intersection Signal Delay: 16.4 Intersection LOS: B
Intersection Capacity Utilization 47.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Existing + Alternative A + Cumulative
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 161 16 56 250 192 34 137 41 105 61 7
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3491 1583 3309 1800 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3491 1583 3309 1800 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 169 17 59 263 202 36 144 43 111 64 7
RTOR Reduction (vph) 0 7 0 0 134 0 0 11 0 0 0 6
Lane Group Flow (vph) 4 179 0 59 331 0 0 212 0 111 64 1
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 13.1 4.0 16.6 9.1 7.1 7.1 7.1
Effective Green, g (s) 0.5 13.1 4.0 16.6 9.1 7.1 7.1 7.1
Actuated g/C Ratio 0.01 0.27 0.08 0.34 0.18 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 16 928 128 1114 332 228 268 204
v/s Ratio Prot 0.00 0.05 c0.04 c0.10 c0.12 c0.07 0.03
v/s Ratio Perm 0.00
v/c Ratio 0.25 0.19 0.46 0.30 0.64 0.49 0.24 0.00
Uniform Delay, d1 24.2 14.0 21.6 12.1 18.6 19.4 18.7 18.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 8.1 0.1 2.6 0.2 4.0 1.6 0.5 0.0
Delay (s) 32.3 14.1 24.2 12.2 22.6 21.1 19.2 18.1
Level of Service C B C B C C B B
Approach Delay (s) 14.5 13.6 22.6 20.3
Approach LOS B B C C


Intersection Summary
HCM Average Control Delay 16.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 49.3 Sum of lost time (s) 16.0
Intersection Capacity Utilization 47.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A + Cumulative
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 6 349 77 243 103 11 140 5 26
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 34.0 22.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 37.8% 24.4% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.4 11.5 8.3 16.4 9.8 9.8 9.8
Actuated g/C Ratio 0.17 0.31 0.23 0.45 0.27 0.27 0.27
v/c Ratio 0.02 0.44 0.23 0.16 0.34 0.30 0.11
Control Delay 19.2 12.1 17.3 7.0 17.0 5.5 10.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 19.2 12.1 17.3 7.0 17.0 5.5 10.9
LOS B B B A B A B
Approach Delay 12.2 9.4 10.7 10.9
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 36.7
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.44
Intersection Signal Delay: 11.0 Intersection LOS: B
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Existing + Alternative A + Cumulative
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 6 349 115 77 243 4 103 11 140 5 26 18
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1583 3408 1583 3531 1783 1417 1760
Flt Permitted 0.95 1.00 0.95 1.00 0.71 1.00 0.97
Satd. Flow (perm) 1583 3408 1583 3531 1324 1417 1719
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 6 367 121 81 256 4 108 12 147 5 27 19
RTOR Reduction (vph) 0 36 0 0 1 0 0 0 110 0 14 0
Lane Group Flow (vph) 6 452 0 81 259 0 0 120 37 0 37 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.9 12.9 4.4 16.4 9.8 9.8 9.8
Effective Green, g (s) 0.9 12.9 4.4 16.4 9.8 9.8 9.8
Actuated g/C Ratio 0.02 0.33 0.11 0.42 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 36 1124 178 1481 332 355 431
v/s Ratio Prot 0.00 c0.13 c0.05 c0.07
v/s Ratio Perm c0.09 0.03 0.02
v/c Ratio 0.17 0.40 0.46 0.17 0.36 0.10 0.09
Uniform Delay, d1 18.7 10.1 16.2 7.1 12.1 11.3 11.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.2 0.2 1.8 0.1 0.7 0.1 0.1
Delay (s) 20.9 10.4 18.1 7.2 12.7 11.4 11.3
Level of Service C B B A B B B
Approach Delay (s) 10.5 9.8 12.0 11.3
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 39.1 Sum of lost time (s) 16.0
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A + Cumulative
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 1 417 63 268 76 8 120 65 9
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 35.0 21.0 44.0 34.0 34.0 34.0 34.0 34.0
Total Split (%) 13.3% 38.9% 23.3% 48.9% 37.8% 37.8% 37.8% 37.8% 37.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.2 11.4 7.8 16.1 8.7 8.7 8.7
Actuated g/C Ratio 0.18 0.32 0.22 0.46 0.25 0.25 0.25
v/c Ratio 0.00 0.44 0.19 0.19 0.28 0.28 0.24
Control Delay 18.0 11.9 16.3 6.2 16.5 5.9 15.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.0 11.9 16.3 6.2 16.5 5.9 15.7
LOS B B B A B A B
Approach Delay 11.9 8.0 10.2 15.7
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 35.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.44
Intersection Signal Delay: 10.6 Intersection LOS: B
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Existing + Alternative A + Cumulative
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 1 417 60 63 268 28 76 8 120 65 9 2
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3473 1583 3490 1782 1417 1780
Flt Permitted 0.95 1.00 0.95 1.00 0.69 1.00 0.71
Satd. Flow (perm) 1583 3473 1583 3490 1286 1417 1312
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 1 439 63 66 282 29 80 8 126 68 9 2
RTOR Reduction (vph) 0 13 0 0 9 0 0 0 97 0 2 0
Lane Group Flow (vph) 1 489 0 66 302 0 0 88 29 0 77 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.8 12.8 4.1 16.1 8.7 8.7 8.7
Effective Green, g (s) 0.8 12.8 4.1 16.1 8.7 8.7 8.7
Actuated g/C Ratio 0.02 0.34 0.11 0.43 0.23 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 34 1182 173 1494 298 328 304
v/s Ratio Prot 0.00 c0.14 c0.04 c0.09
v/s Ratio Perm c0.07 0.02 0.06
v/c Ratio 0.03 0.41 0.38 0.20 0.30 0.09 0.25
Uniform Delay, d1 18.0 9.5 15.6 6.7 11.9 11.3 11.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.2 1.4 0.1 0.6 0.1 0.4
Delay (s) 18.4 9.8 17.0 6.8 12.5 11.5 12.2
Level of Service B A B A B B B
Approach Delay (s) 9.8 8.6 11.9 12.2
Approach LOS A A B B


Intersection Summary
HCM Average Control Delay 9.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 37.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A + Cumulative
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 88 546 311 11 21 64
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 93 575 327 12 22 67
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 339 806 169
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 339 806 169
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 92 93 92
cM capacity (veh/h) 1217 295 845


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 93 287 287 218 121 89
Volume Left 93 0 0 0 0 22
Volume Right 0 0 0 0 12 67
cSH 1217 1700 1700 1700 1700 579
Volume to Capacity 0.08 0.17 0.17 0.13 0.07 0.15
Queue Length 95th (ft) 6 0 0 0 0 14
Control Delay (s) 8.2 0.0 0.0 0.0 0.0 12.4
Lane LOS A B
Approach Delay (s) 1.1 0.0 12.4
Approach LOS B


Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 30.1% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Alternative A + Cumulative
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 141 362 55 173 200 221 33 192 257 243 115
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 10.0 31.0 31.0 14.0 35.0 35.0 8.0 32.0 13.0 37.0 37.0
Total Split (%) 11.1% 34.4% 34.4% 15.6% 38.9% 38.9% 8.9% 35.6% 14.4% 41.1% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 6.0 27.0 27.0 10.0 31.0 31.0 4.0 28.0 9.0 36.2 36.2
Actuated g/C Ratio 0.07 0.30 0.30 0.11 0.34 0.34 0.04 0.31 0.10 0.40 0.40
v/c Ratio 1.40 0.36 0.12 1.03 0.17 0.36 0.50 0.60 0.88 0.34 0.19
Control Delay 260.3 25.9 7.3 92.4 14.1 2.9 67.0 28.1 70.2 21.3 4.6
Queue Delay 0.0 0.1 0.0 0.0 0.0 1.2 0.0 0.0 5.5 0.0 0.0
Total Delay 260.3 26.0 7.3 92.4 14.1 4.1 67.0 28.2 75.7 21.3 4.6
LOS F C A F B A E C E C A
Approach Delay 83.2 33.1 31.8 40.9
Approach LOS F C C D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 48.3 Intersection LOS: D
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Existing + Alternative A + Cumulative
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 141 362 55 173 200 221 33 192 133 257 243 115
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 1583 3539 1417 1583 1748 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 1583 3539 1417 1583 1748 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 148 381 58 182 211 233 35 202 140 271 256 121
RTOR Reduction (vph) 0 0 41 0 0 154 0 28 0 0 0 73
Lane Group Flow (vph) 148 381 17 182 211 79 35 314 0 271 256 48
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Effective Green, g (s) 6.0 27.0 27.0 10.0 31.0 31.0 2.4 28.0 10.6 36.2 36.2
Actuated g/C Ratio 0.07 0.29 0.29 0.11 0.34 0.34 0.03 0.31 0.12 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 104 1043 418 173 1198 480 41 534 355 736 560
v/s Ratio Prot 0.09 c0.11 c0.11 0.06 0.02 c0.18 c0.09 0.14
v/s Ratio Perm 0.01 0.06 0.03
v/c Ratio 1.42 0.37 0.04 1.05 0.18 0.16 0.85 0.59 0.76 0.35 0.09
Uniform Delay, d1 42.8 25.5 23.1 40.8 21.3 21.2 44.4 26.9 39.3 19.4 17.3
Progression Factor 1.00 1.00 1.00 0.78 0.67 0.65 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 237.1 0.2 0.0 62.8 0.0 0.1 85.0 1.7 9.4 0.3 0.1
Delay (s) 279.9 25.7 23.1 94.8 14.4 14.0 129.4 28.6 48.7 19.7 17.4
Level of Service F C C F B B F C D B B
Approach Delay (s) 89.6 37.6 37.9 31.4
Approach LOS F D D C


Intersection Summary
HCM Average Control Delay 49.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 16.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


PM Existing + Alternative A + Cumulative
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBT SBT ø1 ø2 ø3 ø5 ø7
Lane Configurations
Volume (vph) 3 354 438 354 0
Turn Type Perm Perm
Protected Phases 4! 8 6 1 2 3 5 7
Permitted Phases 4 4
Detector Phase 4 4 4 8 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 8.0 20.0 8.0 8.0 8.0
Total Split (s) 31.0 31.0 31.0 35.0 37.0 13.0 32.0 14.0 8.0 10.0
Total Split (%) 34.4% 34.4% 34.4% 38.9% 41.1% 14% 36% 16% 9% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None Min None Min None None None
Act Effct Green (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.30 0.30 0.34 0.40
v/c Ratio 0.68 0.62 0.98 0.68
Control Delay 19.3 6.9 54.5 29.6
Queue Delay 4.6 1.1 0.0 0.0
Total Delay 23.8 8.1 54.5 29.6
LOS C A D C
Approach Delay 15.1 54.5 29.6
Approach LOS B D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 31.3 Intersection LOS: C
Intersection Capacity Utilization 97.6% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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PM Existing + Alternative A + Cumulative
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 3 354 438 231 354 0 0 0 0 213 0 229
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.93
Flt Protected 1.00 1.00 0.98 0.98
Satd. Flow (prot) 1862 1417 1827 1692
Flt Permitted 1.00 1.00 0.98 0.98
Satd. Flow (perm) 1858 1417 1827 1692
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 3 373 461 243 373 0 0 0 0 224 0 241
RTOR Reduction (vph) 0 0 325 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 376 136 0 616 0 0 0 0 0 465 0
Turn Type Perm Perm Split Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 4 6
Actuated Green, G (s) 27.0 27.0 31.0 36.2
Effective Green, g (s) 27.0 27.0 31.0 36.2
Actuated g/C Ratio 0.29 0.29 0.34 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 548 418 618 669
v/s Ratio Prot c0.34
v/s Ratio Perm 0.20 0.10 0.27
v/c Ratio 0.69 0.33 1.00 0.70
Uniform Delay, d1 28.6 25.2 30.2 23.1
Progression Factor 0.49 1.35 0.94 1.00
Incremental Delay, d2 3.0 0.4 29.0 3.1
Delay (s) 16.9 34.4 57.4 26.2
Level of Service B C E C
Approach Delay (s) 26.5 57.4 0.0 26.2
Approach LOS C E A C


Intersection Summary
HCM Average Control Delay 36.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 28.4
Intersection Capacity Utilization 97.6% ICU Level of Service F
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Alternative A + Cumulative
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT WBT NBT NBR ø1 ø3 ø5 ø6 ø7
Lane Configurations
Volume (vph) 394 373 3 458
Turn Type Prot
Protected Phases 4 8! 2 2 1 3 5 6 7
Permitted Phases
Detector Phase 4 8 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 8.0 20.0 8.0
Total Split (s) 31.0 35.0 32.0 32.0 13.0 14.0 8.0 37.0 10.0
Total Split (%) 34.4% 38.9% 35.6% 35.6% 14% 16% 9% 41% 11%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lead Lead Lag Lag Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None Min Min None None None Min None
Act Effct Green (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.30 0.34 0.31 0.31
v/c Ratio 1.07 0.88 0.42 1.09
Control Delay 77.6 44.1 27.4 102.3
Queue Delay 0.0 0.0 0.0 0.0
Total Delay 77.6 44.1 27.4 102.3
LOS E D C F
Approach Delay 77.6 44.1 78.0
Approach LOS E D E


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Natural Cycle: 100
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.40
Intersection Signal Delay: 67.7 Intersection LOS: E
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Existing + Alternative A + Cumulative
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 167 394 0 0 373 157 217 3 458 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.85
Flt Protected 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1835 1788 1775 1417
Flt Permitted 0.99 1.00 0.95 1.00
Satd. Flow (perm) 1835 1788 1775 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 176 415 0 0 393 165 228 3 482 0 0 0
RTOR Reduction (vph) 0 0 0 0 17 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 591 0 0 541 0 0 231 482 0 0 0
Turn Type Split Split Prot
Protected Phases 4! 4 8! 2 2 2
Permitted Phases
Actuated Green, G (s) 27.0 31.0 28.0 28.0
Effective Green, g (s) 27.0 31.0 28.0 28.0
Actuated g/C Ratio 0.29 0.34 0.31 0.31
Clearance Time (s) 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 605 543 433
v/s Ratio Prot c0.32 0.30 0.13 c0.34
v/s Ratio Perm
v/c Ratio 1.09 0.89 0.43 1.11
Uniform Delay, d1 32.3 28.7 25.4 31.8
Progression Factor 0.65 1.00 1.00 1.00
Incremental Delay, d2 61.0 15.6 0.5 77.7
Delay (s) 82.1 44.3 25.9 109.5
Level of Service F D C F
Approach Delay (s) 82.1 44.3 82.4 0.0
Approach LOS F D F A


Intersection Summary
HCM Average Control Delay 70.9 HCM Level of Service E
HCM Volume to Capacity ratio 1.10
Actuated Cycle Length (s) 91.6 Sum of lost time (s) 36.6
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Existing + Alternative A + Cumulative
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 25 1 2 42 88 38
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 26 1 2 44 93 40
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 46 78 24
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 46 78 24
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 90 96
cM capacity (veh/h) 1561 909 1052


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 27 46 133
Volume Left 26 0 93
Volume Right 0 44 40
cSH 1561 1700 948
Volume to Capacity 0.02 0.03 0.14
Queue Length 95th (ft) 1 0 12
Control Delay (s) 7.1 0.0 9.4
Lane LOS A A
Approach Delay (s) 7.1 0.0 9.4
Approach LOS A


Intersection Summary
Average Delay 7.0
Intersection Capacity Utilization 22.9% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Alternative A + Cumulative
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 31 0 0 77
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 33 0 0 81
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 65 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 65 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 93
cM capacity (veh/h) 1623 921 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 33 81
Volume Left 0 33 0
Volume Right 0 0 81
cSH 1700 1623 1085
Volume to Capacity 0.00 0.02 0.07
Queue Length 95th (ft) 0 2 6
Control Delay (s) 0.0 7.3 8.6
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.6
Approach LOS A


Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 15.3% ICU Level of Service A
Analysis Period (min) 15


PM Existing + Alternative A + Cumulative
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 28 11 456 419 19
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 45 29 12 480 441 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 954 451 461
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 954 451 461
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 84 95 99
cM capacity (veh/h) 284 608 1100


Direction, Lane # EB 1 NB 1 SB 1
Volume Total 75 492 461
Volume Left 45 12 0
Volume Right 29 0 20
cSH 360 1100 1700
Volume to Capacity 0.21 0.01 0.27
Queue Length 95th (ft) 19 1 0
Control Delay (s) 17.6 0.3 0.0
Lane LOS C A
Approach Delay (s) 17.6 0.3 0.0
Approach LOS C


Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15
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PM Existing + Alternative A + Cumulative
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 12 8 73 27 122 19 377 179 687
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 22.0 11.0 28.0 22.0 39.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 24.4% 12.2% 31.1% 24.4% 43.3%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.6 8.6 9.3 9.3 19.4 8.7 18.1 14.1 30.4
Actuated g/C Ratio 0.21 0.21 0.22 0.22 0.46 0.21 0.43 0.34 0.73
v/c Ratio 0.04 0.03 0.11 0.07 0.18 0.06 0.30 0.35 0.29
Control Delay 25.2 17.5 22.4 23.8 3.2 25.3 15.1 19.2 7.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.2 17.5 22.4 23.8 3.2 25.3 15.1 19.2 7.0
LOS C B C C A C B B A
Approach Delay 20.4 12.0 15.5 9.5
Approach LOS C B B A


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 41.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.35
Intersection Signal Delay: 11.8 Intersection LOS: B
Intersection Capacity Utilization 42.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Existing + Alternative A + Cumulative
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 12 8 12 73 27 122 19 377 56 179 687 17
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3211 3072 1863 1417 1583 3471 1583 3526
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3211 3072 1863 1417 1583 3471 1583 3526
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 13 8 13 77 28 128 20 397 59 188 723 18
RTOR Reduction (vph) 0 13 0 0 0 94 0 11 0 0 1 0
Lane Group Flow (vph) 13 8 0 77 28 34 20 445 0 188 740 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 1.8 1.8 3.5 3.5 12.8 0.9 17.9 9.3 26.3
Effective Green, g (s) 1.8 1.8 3.5 3.5 12.8 0.9 17.9 9.3 26.3
Actuated g/C Ratio 0.04 0.04 0.07 0.07 0.26 0.02 0.37 0.19 0.54
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 59 119 222 134 491 29 1281 304 1912
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.01 0.01 0.13 c0.12 c0.21
v/s Ratio Perm 0.01
v/c Ratio 0.22 0.07 0.35 0.21 0.07 0.69 0.35 0.62 0.39
Uniform Delay, d1 22.7 22.5 21.4 21.2 13.4 23.7 11.1 18.0 6.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.9 0.3 0.9 0.8 0.1 51.3 0.2 3.7 0.1
Delay (s) 24.6 22.8 22.4 22.0 13.4 74.9 11.2 21.7 6.6
Level of Service C C C C B E B C A
Approach Delay (s) 23.5 17.4 13.9 9.6
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 48.5 Sum of lost time (s) 12.0
Intersection Capacity Utilization 42.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing + Alternative A + Cumulative
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 4 234 38 169 110 149 139 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 9.0 22.0 13.0 26.0 30.0 25.0 25.0 25.0
Total Split (%) 10.0% 24.4% 14.4% 28.9% 33.3% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 5.6 10.2 7.4 12.6 11.7 11.5 11.5 11.5
Actuated g/C Ratio 0.11 0.20 0.15 0.25 0.23 0.23 0.23 0.23
v/c Ratio 0.02 0.39 0.17 0.37 0.48 0.43 0.34 0.03
Control Delay 30.0 21.3 27.4 10.3 21.4 24.2 22.1 12.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 30.0 21.3 27.4 10.3 21.4 24.2 22.1 12.2
LOS C C C B C C C B
Approach Delay 21.4 12.1 21.4 22.8
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 50.3
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.48
Intersection Signal Delay: 18.7 Intersection LOS: B
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Existing + Alternative A + Cumulative
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 4 234 32 38 169 164 23 110 65 149 139 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.93 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3475 1583 3278 1770 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3475 1583 3278 1770 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 4 246 34 40 178 173 24 116 68 157 146 11
RTOR Reduction (vph) 0 12 0 0 131 0 0 21 0 0 0 9
Lane Group Flow (vph) 4 268 0 40 220 0 0 187 0 157 146 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.7 10.8 2.5 12.6 11.7 11.5 11.5 11.5
Effective Green, g (s) 0.7 10.8 2.5 12.6 11.7 11.5 11.5 11.5
Actuated g/C Ratio 0.01 0.21 0.05 0.24 0.22 0.22 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 21 715 75 787 394 347 408 310
v/s Ratio Prot 0.00 c0.08 c0.03 0.07 c0.11 c0.10 0.08
v/s Ratio Perm 0.00
v/c Ratio 0.19 0.37 0.53 0.28 0.47 0.45 0.36 0.01
Uniform Delay, d1 25.6 17.9 24.4 16.2 17.7 17.8 17.4 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.4 0.3 7.1 0.2 0.9 0.9 0.5 0.0
Delay (s) 30.0 18.3 31.5 16.4 18.6 18.7 17.9 16.0
Level of Service C B C B B B B B
Approach Delay (s) 18.4 18.0 18.6 18.2
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 52.5 Sum of lost time (s) 16.0
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Alternative A + Cumulative
DIAGRAM AND TRAFFIC FLOWS:


333 0 107
(229) () (213)


114 (167) 242 (157)
214 (354) 457 (354) 168 (394) 421 (373)
242 (438) 203 (231)


291 1 234
(217) (3) (458)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 440
Intersection #5 Intersection #6 (442)


214 (354) Intersection #6
282 (561) 660 (585) 663 (530)


242 (438)
Intersection #5


292 234
(220) (458)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


282 (561) 663 (585) 440 (458)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1385 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1604) (PM) At Capacity X - > 1,200 but < 1,500 ILV/HR.
- X > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


5
6


Signal


Signal RTOL


65


N


Bradley Ave
Bradley Ave


SR-67 SB Ramp


SR-67 NB Ramp
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Appendix P 
 
SANDAG ADTs and 2030 Intersection Turn Moves 
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Time NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT WBR BUILD-OUT NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT
1) Johnson Ave/Bradley Ave 5487 656 7393 8487 1) Johnson Ave/Bradley Av 6000 700 14000 17000
AM E 83 18 62 2 1 1 12 214 42 84 388 2 Existing (AM) 83 19 61 2 1 13 14 212 42 84 376
AM 2030 110 33 73 10 16 15 20 400 80 166 775 10 0.015 0.003 0.011 0.003 0.002 0.002 0.002 0.029 0.006 0.010 0.046
AM 2030+P 110 40 80 10 20 20 30 410 80 170 780 10
PM E (93) (7) (135) (5) (19) (8) (1) (316) (102) (69) (226) (4) Existing (PM) (93) (17) (125) (5) (19) (16) (5) (312) (102) (69) (218)
PM 2030 (110) (16) (146) (10) (33) (19) (14) (594) (190) (132) (439) (10) 0.017 0.001 0.025 0.008 0.029 0.012 0.000 0.043 0.014 0.008 0.027
PM 2030+P (110) (20) (150) (10) (40) (30) (20) (600) (190) (140) (450) (10)
2) Pioneer Way/Bradley Ave 4451 586 8487 11190 2) Pioneer Way/Bradley Av 8000 1500 17000 12000
AM E 50 9 68 17 2 1 1 220 64 67 424 34 Existing (AM) 50 9 68 6 2 1 1 218 64 67 412
AM 2030 90 20 120 31 10 10 10 423 130 80 461 44 0.011 0.002 0.015 0.029 0.003 0.002 0.000 0.026 0.008 0.006 0.038
AM 2030+P 90 20 120 40 10 10 10 440 130 80 470 60
PM E (75) (8) (117) (48) (8) (2) (1) (382) (56) (62) (244) (19) Existing (PM) (75) (8) (117) (17) (8) (2) (1) (368) (56) (62) (236)
PM 2030 (130) (10) (210) (102) (20) (10) (10) (760) (110) (70) (261) (31) 0.017 0.002 0.026 0.082 0.014 0.003 0.000 0.045 0.007 0.006 0.022
PM 2030+P (130) (10) (210) (120) (20) (10) (10) (770) (110) (70) (280) (40)
3) Wing Ave/Bradley Ave 1 1446 11190 11599 3) Wing Ave/Bradley Ave 1 2500 12000 12000
AM E 0 0 0 12 0 50 36 259 0 0 497 22 Existing (AM) 0 0 0 12 0 28 31 251 0 0 474
AM 2030 0 0 0 17 0 81 43 271 0 0 534 35 0.000 0.000 0.000 0.008 0.000 0.035 0.003 0.023 0.000 0.000 0.043
AM 2030+P 0 0 0 20 0 90 60 280 0 0 550 40
PM E () () () (15) () (47) (79) (503) () () (294) (8) Existing (PM) () () () (15) () (36) (64) (473) () () (281)
PM 2030 () () () (24) () (61) (90) (542) () () (311) (17) 0.000 0.000 0.000 0.010 0.000 0.033 0.007 0.045 0.000 0.000 0.025
PM 2030+P 0 0 0 (30) 0 (80) (100) (560) 0 0 (320) (20)
7) Joe Crosson/Floyd Smith 1 993 656 586 7) Joe Crosson/Floyd Smit 1 1500 700 1500
AM E 0 0 0 14 0 5 25 1 0 0 2 52 Existing (AM) 0 0 0 3 0 17 25 1 0 0 2
AM 2030 0 0 0 21 0 11 33 10 0 0 10 114 0.000 0.000 0.000 0.014 0.000 0.005 0.038 0.002 0.000 0.000 0.003
AM 2030+P 0 0 0 30 0 20 50 10 0 0 10 130
PM E () () () (70) () (21) (16) (1) () () (2) (33) Existing (PM) () () () (39) () (29) (16) (1) () () (2)
PM 2030 () () () (92) () (32) (30) (10) () () (10) (71) 0.000 0.000 0.000 0.070 0.000 0.021 0.024 0.002 0.000 0.000 0.003
PM 2030+P 0 0 0 (110) 0 (50) (40) (10) 0 0 (10) (80)
8) Wing Ave/Airport Dr 1446 1 1 1446 8) Wing Ave/Airport Dr 2500 1 1 2000
AM E 0 0 26 0 0 0 0 0 0 32 0 0 Existing (AM) 2 0 22 0 0 0 0 9 4 10 35
AM 2030 0 0 34 0 0 0 0 0 0 39 0 0 0.000 0.000 0.018 0.000 0.000 0.000 0.000 0.000 0.000 0.022 0.000
AM 2030+P 0 0 40 0 0 0 0 0 0 50 0 0
PM E () () (66) () () () () () () (25) () () Existing (PM) (7) () (48) () () () () (45) (11) (13) (21)
PM 2030 () () (98) () () () () () () (34) () () 0.000 0.000 0.046 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.000
PM 2030+P 0 0 (110) 0 0 0 0 0 0 (40) 0 0
9) Magnolia Dr/Airport Dr 8410 9581 1172 1 9) Magnolia Dr/Airport Dr 17000 14000 2000 1
AM E 14 209 0 0 342 7 13 0 14 0 0 0 Existing (AM) 14 201 0 0 319 30 20 0 12 0 0
AM 2030 25 417 0 0 494 14 17 0 17 0 0 0 0.002 0.025 0.000 0.000 0.036 0.001 0.011 0.000 0.012 0.000 0.000
AM 2030+P 30 420 0 0 500 20 20 0 20 0 0 0
PM E (8) (426) () () (404) (16) (37) () (23) () () () Existing (PM) (8) (396) () () (391) (29) (71) () (16) () ()
PM 2030 (17) (854) () () (587) (17) (54) () (34) () () () 0.001 0.051 0.000 0.000 0.042 0.002 0.032 0.000 0.020 0.000 0.000
PM 2030+P (20) (860) 0 0 (590) (20) (60) 0 (40) 0 0 0
10) Bradley/Cuyamaca 12000 17000 4000 4526 10) Bradley/Cuyamaca 14000 19000 4000 5000
AM E 54 374 50 90 277 30 31 35 64 59 47 115 Existing (AM) 54 374 50 90 277 30 31 35 64 59 47
AM 2030 60 460 57 117 310 40 40 40 70 69 50 173 0.005 0.031 0.004 0.005 0.016 0.002 0.008 0.009 0.016 0.013 0.010
AM 2030+P 60 460 60 130 310 40 40 40 70 70 50 180
PM E (19) (344) (55) (131) (613) (17) (12) (8) (12) (71) (27) (82) Existing (PM) (19) (344) (55) (131) (613) (17) (12) (8) (12) (71) (27)
PM 2030 (20) (400) (58) (182) (690) (20) (20) (10) (20) (78) (30) (115) 0.002 0.029 0.005 0.008 0.036 0.001 0.003 0.002 0.003 0.016 0.006
PM 2030+P (20) (400) (60) (190) (690) (20) (20) (10) (20) (80) (30) (130)
11) Bradley/Marshall 6000 12000 4526 7393 11) Bradley/Marshall 7000 16000 5000 14000
AM E 20 111 40 101 58 7 4 138 12 56 213 177 Existing 20 111 40 101 58 7 4 138 12 56 213
AM 2030 40 150 49 127 80 10 10 154 30 110 392 338 0.003 0.019 0.007 0.008 0.005 0.001 0.001 0.030 0.003 0.008 0.029
AM 2030+P 40 150 50 130 80 10 10 170 30 110 400 340
PM E (12) (104) (65) (135) (114) (10) (4) (198) (19) (37) (138) (159) Existing (PM) (12) (104) (65) (135) (114) (10) (4) (198) (19) (37) (138)
PM 2030 (30) (120) (80) (178) (150) (20) (10) (240) (40) (69) (243) (296) 0.002 0.017 0.011 0.011 0.010 0.001 0.001 0.044 0.004 0.005 0.019
PM 2030+P (30) (120) (80) (180) (150) (20) (10) (250) (40) (70) (260) (300)
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Appendix Q 
 
Bradley Avenue Interchange PSR Excerpts 
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 1-1 Bradley Avenue/State Route 67 Interchange 


Chapter 1. Proposed Project


1.1 Introduction 


The California Department of Transportation (Department) and the County of San Diego 
(County) propose to reconstruct the existing State Route 67 (SR-67) interchange at Bradley 
Avenue and widen Bradley Avenue.  The interchange reconstruction would include 
improvements to the Bradley Avenue/SR-67 overcrossing and the SR-67 on- and off-ramps.  
Bradley Avenue would be widened to four lanes between Magnolia and Mollison Avenues (see 
Figures 1 and 2 on pages 1-3 and 1-4).  The purpose of the Bradley Avenue/SR-67 Interchange 
Project (project) is to alleviate existing and future traffic congestion and improve interchange 
traffic operations.   


The project is located in eastern San Diego County, in unincorporated portions of the county and 
the city of El Cajon (Figures 1 and 2).  The reconstruction of the interchange would extend from 
immediately south of the Bradley Avenue overcrossing to approximately 500 meters (1,640 feet) 
north of the overcrossing.  The work on Bradley Avenue would extend along Bradley Avenue 
from west of the Bradley Avenue/Magnolia Avenue intersection to the Bradley Avenue/Mollison 
Avenue intersection, for a total distance of approximately 1.3 kilometers (0.8 mile).    


More than two decades ago, and in response to concerns by local residents and members of the 
business community, the Department conducted a feasibility study for widening the Bradley 
Avenue overcrossing.  In December 1994, the Department prepared the State Route 67 
Transportation Concept Report (TCR).  This document identified planned improvements for the 
SR-67 corridor between I-8 and SR-78.  In 2000, the County investigated traffic conditions in the 
project area and found that Bradley Avenue overcrossing and adjoining streets operated at 
unacceptable levels of service (LOS).  A Value Analysis (VA) for the project that included the 
evaluation of a baseline concept along with nine (9) project alternatives was completed in July 
2001.  The proposed design solutions included variations of the existing overcrossing, a single 
point urban interchange, and several roundabout combinations.  Each was rated with respect to 
the following categories: traffic operations, community support, fundability, constructability, 
economic development support, and schedule.   


Following the VA, a Project Study Report (PSR)/Project Development Support (PDS) process 
was initiated and ultimately approved on July 24, 2004.  Project Development Team (PDT) 
meetings, including representatives from the Department, the County, and at times the Federal 
Highway Administration (FHWA), were held monthly to discuss the project and evaluate the 
design features of all potential alternatives.  The original design alternatives included the “no 
build” and twelve (12) build alternatives.  Following a series of traffic, engineering, and 
environmental analyses, the PDT determined that a diamond interchange design similar to the 
existing configuration was the only feasible solution for the project.  All other alternatives were 
determined to be infeasible in terms of traffic conditions, environmental impacts, right-of-way 
acquisition requirements, constructability constraints, and/or design restrictions. 
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I l-sD-67
Rl. l-R2.5
April 20fir-


L. Introduction


This Project Study Report (PSR) (Project Development Support) (PDS) addresses
modifications to the existing State Route 67 (SR-6TyBradley Avenue inrerchange to
reduce traffic congestion, increase roadway capacity, and improve safety. Attachment A
provides a map of the project vicinity. In addition to the "no-build" alternative, a
diamond geometric configuration is proposed to modify the existing interchange. The
Project Approval and Environmental Document (PAIED) phase of project developrnent is
expected to be initiated in January, 2004. Cost estimations for the viable project
alternative were escalated for the year of construction to reflect a 3.5 percent increase for
inflation compounded annually. The total estimated project cost, in 2007 dollars, is
$12,115,000. The project is listed in the federal-approved 2A02 Regional Transportarion
Improvement Program (RTIP) and the 2030 Regional Transportation Plan (RTP). Currenr
funding sources include Regional Surface Transportation Program (RSTP) funds as well
as local TRANSNET funds.


The proposed project is classified as Category 3. The modifications may require a new or
revised freeway agreement. Although additional right-of-way may be needed, the
capacity of the existing freeway will not be expanded.


2. Background


Bradley Avenue, classified as the equivalent of a fourlane Major Road, is an east/west
facility extending from Cuyamaca Street to First Street. Within the County's General
Plan Circulation Element, a Major Road is defined as a transportation link providing
mobility and access between collector roads and adjacent arterial and freeway systems.
State Route 67, a six-lane freeway through the project limits, serves intraregional,
commuter, and recreational traffic through the cities of El Cajon, Santee, and Poway and
the unincorporated areas of Lakeside and Ramona.


The existing Bradley Avenue/SR-67 interchanEa, d compact diamond Type L-l facility,
is located in an unincorporated area <if east San Diego County. The Bradley Avenue
overpass, originally constructed in 1966, is a two-lane structure spanning a distance of 59
meters over State Route 67. The lanes are approximately 4.6 meters wide with a 1.5-
meter raised sidewalk along the north side. Interchange improvements would provide an
opportunity to upgrade the overall design and operation of the Bradley Avenue structure
to conform to current design standards.


A Value Analysis (VA) for the project *u, ,o-pleted in July 200L The VA committee
included representatives from the California Department of Transportation @epartment),
San Diego Association of Governments (SANDAG), the County of San Diego, the City
of El Cajon, the City of Santee, and other organizations. The team established the
baseline concept along with nine project alternatives. The proposed configurations
included variations of the structure, a single point urban design, and several roundabout
combinations. The alternatives were rated in each of the following categories: traffic
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operations, community support, fundability, constructability, economic development
support, and schedule. The roundabout designs achieved the highest scores in terms of
overall performance. Retaining the existing two-lane bridge was the key factor
promoting the roundabout configurations. Since the traffic operations analysis prepared
for this PSR(PDS) indicated the need to widen or replace the existing structure to
accommodate the forecasted traffic volumes, the roundabout configurations were
considered less favorable.


The VA committee identified nine key issues associated with the Bradley Avenue/State
Route 67 interchange. These included the following:


o The four existing, closely-spaced traffic signals adversely affect local traffic
oPerations.


o The interchange experiences significant traffic congestion.
o I comprehensive solution is needed for the corridor.
. The project needs to be completed within five years.
o The project must be compatible with future SR-67 improvements.
o Construction impacts on local traffic operations must be considered.
o The project must be compatible with the future SR-52/SR-67 interchange.
o The existing clearance between the Bradley Avenue overpass and the freeway


is the minimum allowed.
o TiminB is critical for coordination with adjacent construction projects.


3. Need and Purpose


A. Purpose Statement


The purpose of the Bradley Avenue interchange modifications is to alleviate existing
traffic congestion, improve interchange traffic operations, improve access to adjacent
businesses, and improve safety for pedestrians and bicyclists.


B. Need


The Bradley Avenue ovelpass consists of two through lanes, one for each direction of
travel. Since Bradley Avenue west of the southbound ramp intersection is a four-lane
roadway, traffic tends to "bottleneck" at the structure during morning and evening
peak commute periods. The ramp intersections adjacent to the Bradley Avenue
overpass are adversely affected by exterisive queues that form on the structure during
congested periods. Extensive queues also form on the northbound off-ramp during
the peak evening commute, impacting traffic on northbound SR-67. The frontage
road intersections at Magnolia Avenue and Graves Avenue, immediately adjacent to
the ramp intersections, are also impacted by congestion on the structure. Intersection
spacing distances that do not conform to current design standards, prolonged signal
phasing required to coordinate all traffic movements, and left-turn maneuvers for
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eastbound and westbound traffic from Bradley Avenue to the freeway on-ramps have
contributedJo the traffic congestion and delays.


Following construction of the Bradley Avenue interchange in 1966, the increased
population within East County, including the area adjacent to the project, exceeded
capacity expectations for the interchange. Current land use within the vicinity, which
includes an apartment complex, residential housing, corlmercial businesses, and
Gillespie Field Airport, generates significant motor vehicle, transit, and pedestrian
traffic. According to an analysis of existing traffic conditions, the northbound ramp
intersection on Bradley Avenue currently operates at an unacceptable level of service
(LOS) F during both the morning and evening commute periods. The southbound
ramp intersection on Bradley Avenue also currently operates at an unacceptable LOS
F during the morning commute period.


Future growth in the vicinity, including expansion of commerciaUindustrial
development, will inevitably increase traffic volumes in the project area causing
further reductions in levels of service and an escalation of time delays, driver
frustration, driver elrors, and costs resulting from these conditions. According to
traffic analyses prepared for the project, by year 2030, without improvements to the
interchange, nearly all intersections within the project limits will operate at an
unacceptable LOS F during both the morning and evening peak periods.


Planning Objectives


The Bradley Avenue/State Route 67 interchange is included within the Final 2030
"cost constrained" Regional Transportation Plan (RTP) (page 172, Regionally
Significant Arteials and l-ocal Freeway Access Interchanges) whic.h was found to be
conforming by the Federal Highway Administration (FHWA) and the Federal Transit
Administration (FTA) on April 9,2003. The final SANDAG 2030 RTP, also called
"Mobility 2030", specifically lists the Bradley Avenue interchange as a Regionally
Funded System Interchange Project in Table TA7.4 on page 108 in Technical
Appendix 7. The Bradley Avenue interchange project is also included in the 20fl2
Regional Transportation Improvement Program (RTIP) (IUPO ID: CNTY21) which
was found to be conforming by FHWA and FTA on April 9,2003. The RTIP turned
into the Federal TIP (FTIP) when FHWA/FTA concurred that the RTIP complied
with air quality standards. Project design concept and scope are consistent with the
project description provided in the FIIP.


Widening SR-67 from 6 lanes to 8 lanes between Interstate 8 and the future proposed
SR-52 is identified as a "Highway Emphasis" project on page 59 of Technical
Appendix 3 of the Final 2030 RTP developed by SANDAG. Since funding is not
currently designated for the freeway widening, the project is not considered "cost-


constrained." Therefore, the Bradley Avenue/SR-67 interchange project must study
the impacts of a 6-lane freeway facility, rather than an 8-lane facility, through the
design year of 2030.
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Alternative 5 "Tight Diamond" Bradley Avenue
Recommended Interchange Configuration
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Appendix R 
 
SANDAG Study TAZ Build-Out Traffic Generation 
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SAN DIEGO REGIONAL TRAFFIC FORECAST
TRIP GENERATION AND LAND USE BY ZONE - YEAR: 2030


TRAFFIC ANALYSIS ZONE : 2455


LU Code Description Type Amount Person
Trips


Vehicle
Trips


2001 HEAVY INDUSTRY acre 26.2 1632 1319
4112 RIGHT-OF-WAY acre 6.5 0 0
7203 RACETRACK acre 42.5 691 465


TOTAL 0 2323 1784
LOADED VEHICLE TRIPS 0 0 1499


Disclaimer: Reported person and vehicle trips are only estimates. The difference between estimated
and loaded vehicle trips can be attributed to regional trip balancing, the mode choice model, and/or
intrazonal trips.


Source: San Diego Association of Governments Traffic Forecast, Feburary 2008 
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Appendix S 
 
Build-Out (Year 2030) LOS & ILV Calculations 
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AM Build-Out (2030)
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 400 166 775 110 33 73 10 16
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 11.0 30.0 29.0 48.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 12.2% 33.3% 32.2% 53.3% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.8 13.5 11.7 24.0 11.5 11.5 11.5
Actuated g/C Ratio 0.15 0.29 0.25 0.52 0.25 0.25 0.25
v/c Ratio 0.09 0.49 0.44 0.45 0.43 0.19 0.10
Control Delay 24.6 16.6 21.3 8.5 22.0 6.6 13.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 24.6 16.6 21.3 8.5 22.0 6.6 13.2
LOS C B C A C A B
Approach Delay 16.9 10.8 16.8 13.2
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 46
Natural Cycle: 55
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.49
Intersection Signal Delay: 13.4 Intersection LOS: B
Intersection Capacity Utilization 49.6% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Build-Out (2030)
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 400 80 166 775 10 110 33 73 10 16 15
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3451 1583 3532 1794 1417 1749
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.92
Satd. Flow (perm) 1583 3451 1583 3532 1391 1417 1636
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 421 84 175 816 11 116 35 77 11 17 16
RTOR Reduction (vph) 0 17 0 0 1 0 0 0 59 0 12 0
Lane Group Flow (vph) 21 488 0 175 826 0 0 151 18 0 32 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.0 16.0 9.0 24.0 11.5 11.5 11.5
Effective Green, g (s) 1.0 16.0 9.0 24.0 11.5 11.5 11.5
Actuated g/C Ratio 0.02 0.33 0.19 0.49 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 33 1138 294 1748 330 336 388
v/s Ratio Prot 0.01 0.14 c0.11 c0.23
v/s Ratio Perm c0.11 0.01 0.02
v/c Ratio 0.64 0.43 0.60 0.47 0.46 0.05 0.08
Uniform Delay, d1 23.6 12.7 18.1 8.1 15.8 14.3 14.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 33.9 0.3 3.2 0.2 1.0 0.1 0.1
Delay (s) 57.4 12.9 21.3 8.3 16.8 14.4 14.5
Level of Service E B C A B B B
Approach Delay (s) 14.7 10.6 16.0 14.5
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 12.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 48.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 49.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030)
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 10 423 80 461 90 20 120 31 10
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 10.0 37.0 21.0 48.0 32.0 32.0 32.0 32.0 32.0
Total Split (%) 11.1% 41.1% 23.3% 53.3% 35.6% 35.6% 35.6% 35.6% 35.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 7.2 13.0 8.5 17.4 9.8 9.8 9.8
Actuated g/C Ratio 0.19 0.34 0.22 0.45 0.26 0.26 0.26
v/c Ratio 0.04 0.49 0.24 0.33 0.34 0.28 0.14
Control Delay 18.2 12.3 18.4 8.4 18.2 5.9 13.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.2 12.3 18.4 8.4 18.2 5.9 13.8
LOS B B B A B A B
Approach Delay 12.4 9.8 11.8 13.8
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 38.4
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.49
Intersection Signal Delay: 11.3 Intersection LOS: B
Intersection Capacity Utilization 40.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Build-Out (2030)
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 423 130 80 461 44 90 20 120 31 10 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 0.99 1.00 0.85 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.97
Satd. Flow (prot) 1583 3414 1583 3493 1789 1417 1760
Flt Permitted 0.95 1.00 0.95 1.00 0.73 1.00 0.81
Satd. Flow (perm) 1583 3414 1583 3493 1354 1417 1459
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 445 137 84 485 46 95 21 126 33 11 11
RTOR Reduction (vph) 0 33 0 0 9 0 0 0 96 0 8 0
Lane Group Flow (vph) 11 549 0 84 522 0 0 116 30 0 47 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.6 14.5 4.5 17.4 9.8 9.8 9.8
Effective Green, g (s) 1.6 14.5 4.5 17.4 9.8 9.8 9.8
Actuated g/C Ratio 0.04 0.36 0.11 0.43 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 1213 175 1490 325 340 350
v/s Ratio Prot 0.01 c0.16 c0.05 0.15
v/s Ratio Perm c0.09 0.02 0.03
v/c Ratio 0.18 0.45 0.48 0.35 0.36 0.09 0.13
Uniform Delay, d1 19.0 10.1 17.1 7.9 12.9 12.0 12.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.4 0.3 2.1 0.1 0.7 0.1 0.2
Delay (s) 20.3 10.4 19.1 8.0 13.6 12.1 12.3
Level of Service C B B A B B B
Approach Delay (s) 10.6 9.5 12.8 12.3
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 40.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 40.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030)
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 43 271 534 35 17 81
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 45 285 562 37 18 85
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 599 814 299
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 599 814 299
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 95 94 88
cM capacity (veh/h) 974 301 697


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 45 143 143 375 224 103
Volume Left 45 0 0 0 0 18
Volume Right 0 0 0 0 37 85
cSH 974 1700 1700 1700 1700 568
Volume to Capacity 0.05 0.08 0.08 0.22 0.13 0.18
Queue Length 95th (ft) 4 0 0 0 0 16
Control Delay (s) 8.9 0.0 0.0 0.0 0.0 12.7
Lane LOS A B
Approach Delay (s) 1.2 0.0 12.7
Approach LOS B


Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 35.8% ICU Level of Service A
Analysis Period (min) 15


AM Build-Out (2030)
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 79 326 70 229 979 324 55 152 121 276 206
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 13.0 35.0 35.0 16.0 38.0 38.0 11.0 28.0 11.0 28.0 28.0
Total Split (%) 14.4% 38.9% 38.9% 17.8% 42.2% 42.2% 12.2% 31.1% 12.2% 31.1% 31.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 8.6 13.7 13.7 21.2 30.4 30.4 7.3 16.3 8.2 19.3 19.3
Actuated g/C Ratio 0.12 0.19 0.19 0.29 0.41 0.41 0.10 0.22 0.11 0.26 0.26
v/c Ratio 0.45 0.52 0.23 0.27 0.70 0.43 0.37 0.64 0.37 0.59 0.41
Control Delay 44.9 33.2 9.8 22.9 23.8 4.3 45.1 32.8 39.8 32.4 6.7
Queue Delay 0.0 0.0 0.0 0.0 1.5 0.4 0.0 0.0 0.0 0.0 0.0
Total Delay 44.9 33.2 9.8 22.9 25.4 4.7 45.1 32.8 39.8 32.4 6.7
LOS D C A C C A D C D C A
Approach Delay 31.7 20.6 35.0 25.1
Approach LOS C C C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 73.4
Natural Cycle: 60
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.70
Intersection Signal Delay: 24.9 Intersection LOS: C
Intersection Capacity Utilization 63.3% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Build-Out (2030)
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 79 326 70 229 979 324 55 152 101 121 276 206
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 3072 3539 1417 1583 1751 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 3072 3539 1417 1583 1751 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 83 343 74 241 1031 341 58 160 106 127 291 217
RTOR Reduction (vph) 0 0 61 0 0 204 0 28 0 0 0 162
Lane Group Flow (vph) 83 343 13 241 1031 137 58 238 0 127 291 55
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.2 13.7 13.7 22.9 30.4 30.4 3.6 16.3 6.6 19.3 19.3
Effective Green, g (s) 6.2 13.7 13.7 22.9 30.4 30.4 3.6 16.3 6.6 19.3 19.3
Actuated g/C Ratio 0.08 0.18 0.18 0.30 0.40 0.40 0.05 0.22 0.09 0.26 0.26
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 130 642 257 932 1425 571 75 378 269 476 362
v/s Ratio Prot c0.05 0.10 0.08 c0.29 0.04 c0.14 0.04 c0.16
v/s Ratio Perm 0.01 0.10 0.04
v/c Ratio 0.64 0.53 0.05 0.26 0.72 0.24 0.77 0.63 0.47 0.61 0.15
Uniform Delay, d1 33.6 28.0 25.5 19.9 19.0 14.9 35.5 26.9 32.8 24.8 21.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.9 0.9 0.1 0.1 1.8 0.2 38.0 3.3 1.3 2.3 0.2
Delay (s) 43.4 28.9 25.6 20.0 20.9 15.1 73.6 30.1 34.1 27.1 22.0
Level of Service D C C C C B E C C C C
Approach Delay (s) 30.8 19.5 37.9 26.8
Approach LOS C B D C


Intersection Summary
HCM Average Control Delay 24.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 75.5 Sum of lost time (s) 12.0
Intersection Capacity Utilization 63.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


AM Build-Out (2030)
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBL WBT SBL SBT SBR ø2 ø7
Lane Configurations
Volume (vph) 307 242 355 806 200 0 727
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6 2 7
Permitted Phases 4 6 6
Detector Phase 4 4 8 8 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 8.0
Total Split (s) 48.0 48.0 36.0 36.0 42.0 42.0 42.0 42.0 12.0
Total Split (%) 53.3% 53.3% 40.0% 40.0% 46.7% 46.7% 46.7% 47% 13%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag
Lead-Lag Optimize? Yes Yes Yes
Recall Mode None None None None C-Min C-Min C-Min C-Min None
Act Effct Green (s) 46.0 46.0 33.9 33.9 36.0 36.0 36.0
Actuated g/C Ratio 0.51 0.51 0.38 0.38 0.40 0.40 0.40
v/c Ratio 0.18 0.18 0.32 0.64 0.33 0.64 0.71
Control Delay 12.2 2.0 17.5 20.3 20.7 27.7 31.4
Queue Delay 1.1 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.3 2.0 17.5 20.3 20.7 27.7 31.4
LOS B A B C C C C
Approach Delay 8.3 19.4 27.6
Approach LOS A B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.79
Intersection Signal Delay: 20.0 Intersection LOS: C
Intersection Capacity Utilization 62.5% ICU Level of Service B
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Build-Out (2030)
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 307 242 355 806 0 0 0 0 200 0 727
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.88 0.97 0.95 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 1.00 0.85 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 2493 3072 3539 1583 1504 1346
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 2493 3072 3539 1583 1504 1346
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 323 255 374 848 0 0 0 0 211 0 765
RTOR Reduction (vph) 0 0 124 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 323 131 374 848 0 0 0 0 211 383 382
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6 6
Actuated Green, G (s) 46.1 46.1 33.9 33.9 35.9 35.9 35.9
Effective Green, g (s) 46.1 46.1 33.9 33.9 35.9 35.9 35.9
Actuated g/C Ratio 0.51 0.51 0.38 0.38 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1813 1277 1157 1333 631 600 537
v/s Ratio Prot c0.09 0.12 c0.24 0.25
v/s Ratio Perm 0.05 0.13 c0.28
v/c Ratio 0.18 0.10 0.32 0.64 0.33 0.64 0.71
Uniform Delay, d1 11.8 11.3 19.9 23.0 18.8 21.8 22.7
Progression Factor 1.00 1.00 0.84 0.79 1.00 1.00 1.00
Incremental Delay, d2 0.0 0.0 0.1 0.8 1.4 5.1 7.8
Delay (s) 11.8 11.3 16.8 18.9 20.2 26.9 30.5
Level of Service B B B B C C C
Approach Delay (s) 11.6 18.3 0.0 26.9
Approach LOS B B A C


Intersection Summary
HCM Average Control Delay 19.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 62.5% ICU Level of Service B
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Build-Out (2030)
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 169 338 720 441 4 314
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 48.0 36.0 42.0 42.0 42.0 42.0
Total Split (%) 13.3% 53.3% 40.0% 46.7% 46.7% 46.7% 47%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 8.2 46.0 33.9 36.0 36.0 36.0
Actuated g/C Ratio 0.09 0.51 0.38 0.40 0.40 0.40
v/c Ratio 0.64 0.20 0.79 0.39 0.35 0.33
Control Delay 50.1 11.2 28.7 21.6 20.8 19.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 50.1 11.2 28.7 21.6 20.8 19.9
LOS D B C C C B
Approach Delay 24.2 28.7 20.7
Approach LOS C C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.79
Intersection Signal Delay: 25.0 Intersection LOS: C
Intersection Capacity Utilization 62.5% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Build-Out (2030)
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 169 338 0 0 720 269 441 4 314 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3395 1504 1687 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3395 1504 1687 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 178 356 0 0 758 283 464 4 331 0 0 0
RTOR Reduction (vph) 0 0 0 0 41 0 0 0 0 0 0 0
Lane Group Flow (vph) 178 356 0 0 1000 0 232 236 331 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 8.2 46.1 33.9 35.9 35.9 35.9
Effective Green, g (s) 8.2 46.1 33.9 35.9 35.9 35.9
Actuated g/C Ratio 0.09 0.51 0.38 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 280 1813 1279 600 673 994
v/s Ratio Prot c0.06 0.10 c0.29 c0.15 0.14
v/s Ratio Perm 0.13
v/c Ratio 0.64 0.20 0.78 0.39 0.35 0.33
Uniform Delay, d1 39.5 11.9 24.8 19.2 18.9 18.8
Progression Factor 0.98 0.91 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.6 0.1 3.2 1.9 1.4 0.9
Delay (s) 43.4 10.8 28.0 21.1 20.3 19.7
Level of Service D B C C C B
Approach Delay (s) 21.7 28.0 20.3 0.0
Approach LOS C C C A


Intersection Summary
HCM Average Control Delay 24.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 62.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


AM Build-Out (2030)
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 33 10 10 114 21 11
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 35 11 11 120 22 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 131 151 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 131 151 71
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 97 99
cM capacity (veh/h) 1455 821 992


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 45 131 34
Volume Left 35 0 22
Volume Right 0 120 12
cSH 1455 1700 873
Volume to Capacity 0.02 0.08 0.04
Queue Length 95th (ft) 2 0 3
Control Delay (s) 5.8 0.0 9.3
Lane LOS A A
Approach Delay (s) 5.8 0.0 9.3
Approach LOS A


Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15
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AM Build-Out (2030)
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 39 0 0 34
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 41 0 0 36
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 82 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 82 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 97
cM capacity (veh/h) 1623 897 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 41 36
Volume Left 0 41 0
Volume Right 0 0 36
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.03
Queue Length 95th (ft) 0 2 3
Control Delay (s) 0.0 7.3 8.4
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.4
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Build-Out (2030)
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 17 17 25 417 494 14
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 18 18 26 439 520 15
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 799 267 535
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 799 267 535
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 94 98 97
cM capacity (veh/h) 314 731 1029


Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 36 26 219 219 347 188
Volume Left 18 26 0 0 0 0
Volume Right 18 0 0 0 0 15
cSH 440 1029 1700 1700 1700 1700
Volume to Capacity 0.08 0.03 0.13 0.13 0.20 0.11
Queue Length 95th (ft) 7 2 0 0 0 0
Control Delay (s) 13.9 8.6 0.0 0.0 0.0 0.0
Lane LOS B A
Approach Delay (s) 13.9 0.5 0.0
Approach LOS B


Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 30.8% ICU Level of Service A
Analysis Period (min) 15
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AM Build-Out (2030)
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 40 40 69 50 173 60 460 117 310
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 20.0 13.0 30.0 20.0 37.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 22.2% 14.4% 33.3% 22.2% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 10.0 10.0 10.0 10.0 17.9 13.8 20.8 12.6 21.4
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.36 0.28 0.42 0.25 0.43
v/c Ratio 0.13 0.17 0.12 0.14 0.29 0.14 0.37 0.31 0.24
Control Delay 26.3 12.9 25.2 26.1 2.9 19.6 17.6 24.7 17.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.3 12.9 25.2 26.1 2.9 19.6 17.6 24.7 17.8
LOS C B C C A B B C B
Approach Delay 16.4 12.2 17.9 19.5
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 49.7
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.37
Intersection Signal Delay: 17.1 Intersection LOS: B
Intersection Capacity Utilization 40.9% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Build-Out (2030)
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 40 70 69 50 173 60 460 57 117 310 40
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3201 3072 1863 1417 1583 3481 1583 3479
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3201 3072 1863 1417 1583 3481 1583 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 42 74 73 53 182 63 484 60 123 326 42
RTOR Reduction (vph) 0 67 0 0 0 135 0 10 0 0 11 0
Lane Group Flow (vph) 42 49 0 73 53 47 63 534 0 123 357 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 5.2 5.2 5.2 5.2 13.5 7.7 17.3 8.3 17.9
Effective Green, g (s) 5.2 5.2 5.2 5.2 13.5 7.7 17.3 8.3 17.9
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.26 0.15 0.33 0.16 0.34
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 158 320 307 186 368 234 1158 253 1198
v/s Ratio Prot c0.03 0.02 0.02 c0.03 0.02 0.04 c0.15 c0.08 0.10
v/s Ratio Perm 0.01
v/c Ratio 0.27 0.15 0.24 0.28 0.13 0.27 0.46 0.49 0.30
Uniform Delay, d1 21.6 21.4 21.6 21.7 14.7 19.7 13.7 19.9 12.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.2 0.4 0.8 0.2 0.6 0.3 1.5 0.1
Delay (s) 22.5 21.6 22.0 22.5 14.9 20.3 14.0 21.4 12.6
Level of Service C C C C B C B C B
Approach Delay (s) 21.9 17.9 14.6 14.8
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 16.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 52.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 40.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030)
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 10 154 110 392 150 127 80 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 23.0 17.0 32.0 30.0 20.0 20.0 20.0
Total Split (%) 8.9% 25.6% 18.9% 35.6% 33.3% 22.2% 22.2% 22.2%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 4.7 12.0 10.4 21.4 14.4 11.3 11.3 11.3
Actuated g/C Ratio 0.08 0.21 0.18 0.37 0.25 0.20 0.20 0.20
v/c Ratio 0.09 0.26 0.41 0.56 0.55 0.43 0.23 0.04
Control Delay 36.0 23.0 31.9 12.8 26.2 30.9 26.9 15.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.0 23.0 31.9 12.8 26.2 30.9 26.9 15.1
LOS D C C B C C C B
Approach Delay 23.7 15.3 26.2 28.7
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 57.7
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.56
Intersection Signal Delay: 20.1 Intersection LOS: C
Intersection Capacity Utilization 59.3% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Build-Out (2030)
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 154 30 110 392 338 40 150 49 127 80 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3452 1583 3293 1796 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3452 1583 3293 1796 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 162 32 116 413 356 42 158 52 134 84 11
RTOR Reduction (vph) 0 18 0 0 163 0 0 11 0 0 0 9
Lane Group Flow (vph) 11 176 0 116 606 0 0 241 0 134 84 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 14.4 7.6 21.5 14.4 8.4 8.4 8.4
Effective Green, g (s) 0.5 14.4 7.6 21.5 14.4 8.4 8.4 8.4
Actuated g/C Ratio 0.01 0.24 0.12 0.35 0.24 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 13 818 198 1164 425 219 257 196
v/s Ratio Prot 0.01 0.05 c0.07 c0.18 c0.13 c0.08 0.05
v/s Ratio Perm 0.00
v/c Ratio 0.85 0.22 0.59 0.52 0.57 0.61 0.33 0.01
Uniform Delay, d1 30.1 18.7 25.1 15.6 20.4 24.7 23.6 22.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 166.4 0.1 4.4 0.4 1.7 5.0 0.7 0.0
Delay (s) 196.6 18.8 29.5 16.0 22.2 29.7 24.4 22.6
Level of Service F B C B C C C C
Approach Delay (s) 28.3 17.8 22.2 27.4
Approach LOS C B C C


Intersection Summary
HCM Average Control Delay 21.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 60.8 Sum of lost time (s) 12.0
Intersection Capacity Utilization 59.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030)
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 14 594 132 439 110 16 146 10 33
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 40.0 23.0 55.0 27.0 27.0 27.0 27.0 27.0
Total Split (%) 8.9% 44.4% 25.6% 61.1% 30.0% 30.0% 30.0% 30.0% 30.0%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 4.6 19.7 11.1 30.0 11.5 11.5 11.5
Actuated g/C Ratio 0.09 0.38 0.21 0.58 0.22 0.22 0.22
v/c Ratio 0.11 0.62 0.41 0.23 0.45 0.35 0.17
Control Delay 32.3 15.9 25.9 5.8 27.2 7.4 16.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 32.3 15.9 25.9 5.8 27.2 7.4 16.9
LOS C B C A C A B
Approach Delay 16.2 10.3 16.6 16.9
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 51.8
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.62
Intersection Signal Delay: 14.3 Intersection LOS: B
Intersection Capacity Utilization 54.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Build-Out (2030)
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 14 594 190 132 439 10 110 16 146 10 33 19
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3411 1583 3527 1785 1417 1772
Flt Permitted 0.95 1.00 0.95 1.00 0.71 1.00 0.95
Satd. Flow (perm) 1583 3411 1583 3527 1317 1417 1693
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 15 625 200 139 462 11 116 17 154 11 35 20
RTOR Reduction (vph) 0 34 0 0 2 0 0 0 121 0 16 0
Lane Group Flow (vph) 15 791 0 139 471 0 0 133 33 0 50 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.5 22.1 8.5 30.1 11.5 11.5 11.5
Effective Green, g (s) 0.5 22.1 8.5 30.1 11.5 11.5 11.5
Actuated g/C Ratio 0.01 0.41 0.16 0.56 0.21 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 15 1393 249 1962 280 301 360
v/s Ratio Prot 0.01 c0.23 c0.09 0.13
v/s Ratio Perm c0.10 0.02 0.03
v/c Ratio 1.00 0.57 0.56 0.24 0.48 0.11 0.14
Uniform Delay, d1 26.8 12.3 21.1 6.1 18.7 17.2 17.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 232.4 0.5 2.7 0.1 1.3 0.2 0.2
Delay (s) 259.2 12.9 23.8 6.2 19.9 17.3 17.5
Level of Service F B C A B B B
Approach Delay (s) 17.3 10.2 18.5 17.5
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 15.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 54.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 54.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030)
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 10 760 70 261 130 10 210 102 20
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 42.0 16.0 50.0 32.0 32.0 32.0 32.0 32.0
Total Split (%) 8.9% 46.7% 17.8% 55.6% 35.6% 35.6% 35.6% 35.6% 35.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 7.9 21.2 8.9 23.6 12.9 12.9 12.9
Actuated g/C Ratio 0.16 0.42 0.18 0.47 0.26 0.26 0.26
v/c Ratio 0.04 0.62 0.26 0.19 0.44 0.42 0.42
Control Delay 20.6 14.8 26.7 11.5 24.5 6.4 23.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 20.6 14.8 26.7 11.5 24.5 6.4 23.6
LOS C B C B C A C
Approach Delay 14.9 14.4 13.7 23.6
Approach LOS B B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 50.1
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.62
Intersection Signal Delay: 15.2 Intersection LOS: B
Intersection Capacity Utilization 56.4% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Build-Out (2030)
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 760 110 70 261 31 130 10 210 102 20 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.98 1.00 0.85 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3472 1583 3482 1780 1417 1775
Flt Permitted 0.95 1.00 0.95 1.00 0.70 1.00 0.68
Satd. Flow (perm) 1583 3472 1583 3482 1303 1417 1262
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 800 116 74 275 33 137 11 221 107 21 11
RTOR Reduction (vph) 0 12 0 0 12 0 0 0 166 0 4 0
Lane Group Flow (vph) 11 904 0 74 296 0 0 148 55 0 135 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 3.7 22.6 4.7 23.6 12.9 12.9 12.9
Effective Green, g (s) 3.7 22.6 4.7 23.6 12.9 12.9 12.9
Actuated g/C Ratio 0.07 0.43 0.09 0.45 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 112 1503 143 1574 322 350 312
v/s Ratio Prot 0.01 c0.26 c0.05 0.09
v/s Ratio Perm c0.11 0.04 0.11
v/c Ratio 0.10 0.60 0.52 0.19 0.46 0.16 0.43
Uniform Delay, d1 22.7 11.3 22.7 8.6 16.7 15.4 16.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.7 3.1 0.1 1.0 0.2 1.0
Delay (s) 23.1 12.0 25.8 8.6 17.7 15.6 17.5
Level of Service C B C A B B B
Approach Delay (s) 12.2 12.0 16.5 17.5
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 13.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 52.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 56.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030)
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 90 542 311 17 24 61
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 571 327 18 25 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 345 811 173
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 345 811 173
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 92 91 92
cM capacity (veh/h) 1210 292 841


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 95 285 285 218 127 89
Volume Left 95 0 0 0 0 25
Volume Right 0 0 0 0 18 64
cSH 1210 1700 1700 1700 1700 550
Volume to Capacity 0.08 0.17 0.17 0.13 0.07 0.16
Queue Length 95th (ft) 6 0 0 0 0 14
Control Delay (s) 8.2 0.0 0.0 0.0 0.0 12.8
Lane LOS A B
Approach Delay (s) 1.2 0.0 12.8
Approach LOS B


Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15


PM Build-Out (2030)
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 183 728 95 156 499 276 48 347 472 360 178
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 16.0 27.0 27.0 9.0 20.0 20.0 11.0 35.0 19.0 43.0 43.0
Total Split (%) 17.8% 30.0% 30.0% 10.0% 22.2% 22.2% 12.2% 38.9% 21.1% 47.8% 47.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 12.0 22.2 22.2 5.4 15.6 15.6 6.7 31.0 15.0 43.4 43.4
Actuated g/C Ratio 0.13 0.25 0.25 0.06 0.17 0.17 0.07 0.35 0.17 0.48 0.48
v/c Ratio 0.91 0.87 0.24 0.88 0.85 0.60 0.43 1.01 0.97 0.42 0.24
Control Delay 83.1 44.7 8.4 86.1 50.5 9.9 51.5 68.2 71.0 18.1 3.3
Queue Delay 0.0 0.0 0.0 0.0 27.0 0.1 0.0 0.0 0.0 0.0 0.0
Total Delay 83.1 44.7 8.4 86.1 77.5 10.0 51.5 68.2 71.0 18.1 3.3
LOS F D A F E A D E E B A
Approach Delay 48.3 58.9 67.0 40.2
Approach LOS D E E D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 89.6
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.01
Intersection Signal Delay: 52.2 Intersection LOS: D
Intersection Capacity Utilization 87.8% ICU Level of Service E
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Build-Out (2030)
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 183 728 95 156 499 276 48 347 262 472 360 178
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 3072 3539 1417 1583 1742 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 3072 3539 1417 1583 1742 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 193 766 100 164 525 291 51 365 276 497 379 187
RTOR Reduction (vph) 0 0 70 0 0 241 0 30 0 0 0 98
Lane Group Flow (vph) 193 766 30 164 525 50 51 611 0 497 379 89
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 12.0 22.2 22.2 5.4 15.6 15.6 4.2 31.0 16.6 43.4 43.4
Effective Green, g (s) 12.0 22.2 22.2 5.4 15.6 15.6 4.2 31.0 16.6 43.4 43.4
Actuated g/C Ratio 0.13 0.24 0.24 0.06 0.17 0.17 0.05 0.34 0.18 0.48 0.48
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 861 345 182 605 242 73 592 559 887 674
v/s Ratio Prot c0.12 c0.22 0.05 0.15 0.03 c0.35 c0.16 0.20
v/s Ratio Perm 0.02 0.04 0.06
v/c Ratio 0.93 0.89 0.09 0.90 0.87 0.21 0.70 1.03 0.89 0.43 0.13
Uniform Delay, d1 39.2 33.3 26.7 42.6 36.8 32.5 42.9 30.1 36.4 15.7 13.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 42.2 11.1 0.1 39.9 12.5 0.4 25.3 45.3 15.8 0.3 0.1
Delay (s) 81.4 44.4 26.8 82.5 49.3 32.9 68.1 75.4 52.2 16.1 13.5
Level of Service F D C F D C E E D B B
Approach Delay (s) 49.5 50.0 74.9 32.5
Approach LOS D D E C


Intersection Summary
HCM Average Control Delay 49.5 HCM Level of Service D
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 91.2 Sum of lost time (s) 12.0
Intersection Capacity Utilization 87.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group


PM Build-Out (2030)
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBL WBT SBL SBT SBR ø2 ø7
Lane Configurations
Volume (vph) 694 765 379 603 340 2 329
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6 2 7
Permitted Phases 4 6 6
Detector Phase 4 4 8 8 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 8.0
Total Split (s) 51.0 51.0 32.0 32.0 39.0 39.0 39.0 39.0 19.0
Total Split (%) 56.7% 56.7% 35.6% 35.6% 43.3% 43.3% 43.3% 43% 21%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag
Lead-Lag Optimize? Yes Yes Yes
Recall Mode None None None None C-Min C-Min C-Min C-Min None
Act Effct Green (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.53 0.53 0.32 0.32 0.39 0.39 0.39
v/c Ratio 0.39 0.48 0.41 0.56 0.59 0.30 0.33
Control Delay 13.6 1.9 23.9 24.9 26.8 21.1 21.8
Queue Delay 4.9 0.7 0.0 0.0 0.0 0.0 0.0
Total Delay 18.5 2.6 23.9 24.9 26.8 21.1 21.8
LOS B A C C C C C
Approach Delay 10.2 24.5 24.2
Approach LOS B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 55
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.87
Intersection Signal Delay: 17.7 Intersection LOS: B
Intersection Capacity Utilization 73.0% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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PM Build-Out (2030)
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 694 765 379 603 0 0 0 0 340 2 329
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.88 0.97 0.95 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 1.00 0.85 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 2493 3072 3539 1583 1507 1346
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 2493 3072 3539 1583 1507 1346
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 731 805 399 635 0 0 0 0 358 2 346
RTOR Reduction (vph) 0 0 382 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 731 423 399 635 0 0 0 0 358 175 173
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6 6
Actuated Green, G (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Effective Green, g (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.53 0.53 0.32 0.32 0.39 0.39 0.39
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1860 1310 980 1129 610 581 519
v/s Ratio Prot c0.21 0.13 c0.18 0.12
v/s Ratio Perm 0.17 c0.23 0.13
v/c Ratio 0.39 0.32 0.41 0.56 0.59 0.30 0.33
Uniform Delay, d1 12.8 12.2 24.0 25.4 22.0 19.2 19.5
Progression Factor 1.00 1.00 0.94 0.91 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.1 0.2 0.5 4.1 1.3 1.7
Delay (s) 12.9 12.3 22.8 23.5 26.1 20.6 21.2
Level of Service B B C C C C C
Approach Delay (s) 12.6 23.2 0.0 23.5
Approach LOS B C A C


Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 73.0% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Build-Out (2030)
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 394 638 714 268 7 736
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 19.0 51.0 32.0 39.0 39.0 39.0 39.0
Total Split (%) 21.1% 56.7% 35.6% 43.3% 43.3% 43.3% 43%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 14.6 47.3 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.16 0.53 0.32 0.39 0.39 0.39
v/c Ratio 0.83 0.36 0.87 0.25 0.22 0.81
Control Delay 47.3 10.0 37.6 20.3 19.8 32.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 47.3 10.0 37.6 20.3 19.8 32.6
LOS D B D C B C
Approach Delay 24.2 37.6 29.2
Approach LOS C D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 55
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.87
Intersection Signal Delay: 30.1 Intersection LOS: C
Intersection Capacity Utilization 73.0% ICU Level of Service D
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Build-Out (2030)
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 394 638 0 0 714 208 268 7 736 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3419 1504 1689 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3419 1504 1689 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 415 672 0 0 752 219 282 7 775 0 0 0
RTOR Reduction (vph) 0 0 0 0 30 0 0 0 0 0 0 0
Lane Group Flow (vph) 415 672 0 0 941 0 144 145 775 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 14.6 47.3 28.7 34.7 34.7 34.7
Effective Green, g (s) 14.6 47.3 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.16 0.53 0.32 0.39 0.39 0.39
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 498 1860 1090 580 651 961
v/s Ratio Prot c0.14 0.19 c0.28 0.10 0.09
v/s Ratio Perm c0.31
v/c Ratio 0.83 0.36 0.86 0.25 0.22 0.81
Uniform Delay, d1 36.5 12.5 28.8 18.8 18.6 24.7
Progression Factor 0.89 0.75 1.00 1.00 1.00 1.00
Incremental Delay, d2 10.5 0.1 7.2 1.0 0.8 7.2
Delay (s) 43.1 9.5 36.0 19.8 19.4 31.9
Level of Service D A D B B C
Approach Delay (s) 22.3 36.0 28.5 0.0
Approach LOS C D C A


Intersection Summary
HCM Average Control Delay 28.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 73.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group


PM Build-Out (2030)
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 30 10 10 71 92 32
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 11 11 75 97 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 85 122 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 85 122 48
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 89 97
cM capacity (veh/h) 1511 855 1021


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 85 131
Volume Left 32 0 97
Volume Right 0 75 34
cSH 1511 1700 893
Volume to Capacity 0.02 0.05 0.15
Queue Length 95th (ft) 2 0 13
Control Delay (s) 5.6 0.0 9.7
Lane LOS A A
Approach Delay (s) 5.6 0.0 9.7
Approach LOS A


Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 23.4% ICU Level of Service A
Analysis Period (min) 15
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PM Build-Out (2030)
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 34 0 0 98
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 36 0 0 103
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 72 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 72 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 100 90
cM capacity (veh/h) 1623 912 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 36 103
Volume Left 0 36 0
Volume Right 0 0 103
cSH 1700 1623 1085
Volume to Capacity 0.00 0.02 0.10
Queue Length 95th (ft) 0 2 8
Control Delay (s) 0.0 7.3 8.7
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.7
Approach LOS A


Intersection Summary
Average Delay 8.3
Intersection Capacity Utilization 16.8% ICU Level of Service A
Analysis Period (min) 15


PM Build-Out (2030)
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 54 34 17 854 587 17
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 57 36 18 899 618 18
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1112 318 636
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1112 318 636
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 71 95 98
cM capacity (veh/h) 199 678 944


Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 93 18 449 449 412 224
Volume Left 57 18 0 0 0 0
Volume Right 36 0 0 0 0 18
cSH 274 944 1700 1700 1700 1700
Volume to Capacity 0.34 0.02 0.26 0.26 0.24 0.13
Queue Length 95th (ft) 36 1 0 0 0 0
Control Delay (s) 24.7 8.9 0.0 0.0 0.0 0.0
Lane LOS C A
Approach Delay (s) 24.7 0.2 0.0
Approach LOS C


Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 35.9% ICU Level of Service A
Analysis Period (min) 15
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PM Build-Out (2030)
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 20 10 78 30 115 20 400 182 690
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 24.0 9.0 26.0 24.0 41.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 26.7% 10.0% 28.9% 26.7% 45.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 9.1 9.1 9.7 9.7 20.9 8.6 19.6 14.7 29.7
Actuated g/C Ratio 0.19 0.19 0.20 0.20 0.44 0.18 0.41 0.31 0.62
v/c Ratio 0.07 0.05 0.13 0.08 0.18 0.07 0.34 0.40 0.34
Control Delay 27.4 16.8 25.3 26.3 2.4 26.5 17.4 22.5 9.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.4 16.8 25.3 26.3 2.4 26.5 17.4 22.5 9.6
LOS C B C C A C B C A
Approach Delay 21.0 13.7 17.8 12.2
Approach LOS C B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 47.8
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.40
Intersection Signal Delay: 14.3 Intersection LOS: B
Intersection Capacity Utilization 43.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Build-Out (2030)
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 10 20 78 30 115 20 400 58 182 690 20
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3191 3072 1863 1417 1583 3472 1583 3524
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3191 3072 1863 1417 1583 3472 1583 3524
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 11 21 82 32 121 21 421 61 192 726 21
RTOR Reduction (vph) 0 20 0 0 0 82 0 12 0 0 2 0
Lane Group Flow (vph) 21 12 0 82 32 39 21 470 0 192 745 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 3.2 3.2 5.2 5.2 16.9 1.6 16.4 11.7 26.5
Effective Green, g (s) 3.2 3.2 5.2 5.2 16.9 1.6 16.4 11.7 26.5
Actuated g/C Ratio 0.06 0.06 0.10 0.10 0.32 0.03 0.31 0.22 0.50
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 96 194 304 185 456 48 1085 353 1779
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.02 0.01 0.14 c0.12 c0.21
v/s Ratio Perm 0.01
v/c Ratio 0.22 0.06 0.27 0.17 0.09 0.44 0.43 0.54 0.42
Uniform Delay, d1 23.5 23.2 21.9 21.7 12.4 25.0 14.4 18.0 8.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.1 0.5 0.4 0.1 6.3 0.3 1.7 0.2
Delay (s) 24.6 23.4 22.4 22.1 12.5 31.3 14.6 19.8 8.3
Level of Service C C C C B C B B A
Approach Delay (s) 23.9 17.3 15.3 10.7
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 13.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 52.5 Sum of lost time (s) 16.0
Intersection Capacity Utilization 43.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030)
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 10 240 69 243 120 178 150 20
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 21.0 15.0 28.0 29.0 25.0 25.0 25.0
Total Split (%) 8.9% 23.3% 16.7% 31.1% 32.2% 27.8% 27.8% 27.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 4.5 11.1 8.7 16.7 13.6 13.3 13.3 13.3
Actuated g/C Ratio 0.08 0.19 0.15 0.29 0.23 0.23 0.23 0.23
v/c Ratio 0.09 0.44 0.31 0.49 0.56 0.52 0.37 0.06
Control Delay 36.6 25.3 32.3 10.0 25.6 29.0 25.5 11.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.6 25.3 32.3 10.0 25.6 29.0 25.5 11.4
LOS D C C A C C C B
Approach Delay 25.7 12.5 25.6 26.5
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 58.3
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.56
Intersection Signal Delay: 20.5 Intersection LOS: C
Intersection Capacity Utilization 56.8% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Build-Out (2030)
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 240 40 69 243 296 30 120 80 178 150 20
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.92 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3464 1583 3248 1764 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3464 1583 3248 1764 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 253 42 73 256 312 32 126 84 187 158 21
RTOR Reduction (vph) 0 14 0 0 225 0 0 22 0 0 0 16
Lane Group Flow (vph) 11 281 0 73 343 0 0 220 0 187 158 5
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 12.4 4.8 16.7 13.6 13.3 13.3 13.3
Effective Green, g (s) 0.5 12.4 4.8 16.7 13.6 13.3 13.3 13.3
Actuated g/C Ratio 0.01 0.21 0.08 0.28 0.23 0.22 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 13 715 126 903 399 350 412 314
v/s Ratio Prot 0.01 0.08 c0.05 c0.11 c0.12 c0.12 0.08
v/s Ratio Perm 0.00
v/c Ratio 0.85 0.39 0.58 0.38 0.55 0.53 0.38 0.01
Uniform Delay, d1 29.8 20.6 26.7 17.5 20.5 20.7 19.9 18.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 166.4 0.4 6.3 0.3 1.6 1.6 0.6 0.0
Delay (s) 196.2 21.0 33.0 17.8 22.2 22.2 20.5 18.3
Level of Service F C C B C C C B
Approach Delay (s) 27.3 19.5 22.2 21.3
Approach LOS C B C C


Intersection Summary
HCM Average Control Delay 21.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 60.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 56.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Build-Out
DIAGRAM AND TRAFFIC FLOWS:


Signal
Signal


727 0 200
(329) (2) (340)


169 (394) 269 (208)
307 (694) 806 (603) 338 (638) 720 (714)
242 (765) 355 (379)


441 4 314
(268) (7) (736)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 364 364 200
154 (347) 85 (197) Intersection #5 Intersection #6 (166) (166) (340)
154 (347) 85 (197) 403 (302) Intersection #6
121 (383) 169 (319) 403 (302) 269 (208)
121 (383) 169 (319) 178 (190) 720 (714)


178 (190) Intersection #5
223 223 157 157


(138) (138) (368) (368)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


169 (383) 720 (714) 364 (368)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1253 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1465) (PM) Unstable X X > 1,200 but < 1,500 ILV/HR.
- - > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


65


N
Bradley Ave


Bradley Ave
SR-67 SB Ramp


SR-67 NB Ramp


6
5
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Appendix T 
 
Existing (Year 2011) + Proposed Project LOS Calculations with Mitigation 
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AM Build-Out (2030) + Proposed Project
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 410 170 780 110 40 80 10 20
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 11.0 30.0 29.0 48.0 31.0 31.0 31.0 31.0 31.0
Total Split (%) 12.2% 33.3% 32.2% 53.3% 34.4% 34.4% 34.4% 34.4% 34.4%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 6.9 13.8 11.9 22.4 11.8 11.8 11.8
Actuated g/C Ratio 0.15 0.30 0.25 0.48 0.25 0.25 0.25
v/c Ratio 0.14 0.50 0.44 0.49 0.45 0.20 0.12
Control Delay 25.3 17.0 21.7 10.6 22.5 6.5 12.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 25.3 17.0 21.7 10.6 22.5 6.5 12.9
LOS C B C B C A B
Approach Delay 17.5 12.6 16.9 12.9
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 46.7
Natural Cycle: 55
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.50
Intersection Signal Delay: 14.6 Intersection LOS: B
Intersection Capacity Utilization 50.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


AM Build-Out (2030) + Proposed Project
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 410 80 170 780 10 110 40 80 10 20 20
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3453 1583 3532 1797 1417 1745
Flt Permitted 0.95 1.00 0.95 1.00 0.75 1.00 0.93
Satd. Flow (perm) 1583 3453 1583 3532 1396 1417 1648
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 432 84 179 821 11 116 42 84 11 21 21
RTOR Reduction (vph) 0 17 0 0 1 0 0 0 64 0 16 0
Lane Group Flow (vph) 32 499 0 179 831 0 0 158 20 0 37 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 2.2 15.5 9.2 22.5 11.8 11.8 11.8
Effective Green, g (s) 2.2 15.5 9.2 22.5 11.8 11.8 11.8
Actuated g/C Ratio 0.05 0.32 0.19 0.46 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 72 1104 300 1639 340 345 401
v/s Ratio Prot 0.02 0.14 c0.11 c0.24
v/s Ratio Perm c0.11 0.01 0.02
v/c Ratio 0.44 0.45 0.60 0.51 0.46 0.06 0.09
Uniform Delay, d1 22.6 13.1 18.0 9.1 15.7 14.1 14.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.3 3.2 0.2 1.0 0.1 0.1
Delay (s) 26.9 13.4 21.1 9.4 16.7 14.2 14.3
Level of Service C B C A B B B
Approach Delay (s) 14.2 11.4 15.8 14.3
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 48.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 50.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030) + Proposed Project
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 10 440 80 470 90 20 120 40 10
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 10.0 37.0 21.0 48.0 32.0 32.0 32.0 32.0 32.0
Total Split (%) 11.1% 41.1% 23.3% 53.3% 35.6% 35.6% 35.6% 35.6% 35.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 7.2 13.3 8.5 17.6 9.9 9.9 9.9
Actuated g/C Ratio 0.19 0.34 0.22 0.45 0.26 0.26 0.26
v/c Ratio 0.04 0.50 0.24 0.35 0.34 0.28 0.17
Control Delay 18.5 12.5 18.6 8.3 18.5 6.0 14.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 18.5 12.5 18.6 8.3 18.5 6.0 14.5
LOS B B B A B A B
Approach Delay 12.6 9.7 12.0 14.5
Approach LOS B A B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 38.7
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.50
Intersection Signal Delay: 11.4 Intersection LOS: B
Intersection Capacity Utilization 41.3% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


AM Build-Out (2030) + Proposed Project
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 440 130 80 470 60 90 20 120 40 10 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.98 1.00 0.85 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.97
Satd. Flow (prot) 1583 3418 1583 3479 1789 1417 1762
Flt Permitted 0.95 1.00 0.95 1.00 0.72 1.00 0.78
Satd. Flow (perm) 1583 3418 1583 3479 1343 1417 1420
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 463 137 84 495 63 95 21 126 42 11 11
RTOR Reduction (vph) 0 31 0 0 12 0 0 0 96 0 8 0
Lane Group Flow (vph) 11 569 0 84 546 0 0 116 30 0 56 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 1.5 14.7 4.5 17.7 9.9 9.9 9.9
Effective Green, g (s) 1.5 14.7 4.5 17.7 9.9 9.9 9.9
Actuated g/C Ratio 0.04 0.36 0.11 0.43 0.24 0.24 0.24
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 58 1222 173 1498 323 341 342
v/s Ratio Prot 0.01 c0.17 0.05 c0.16
v/s Ratio Perm c0.09 0.02 0.04
v/c Ratio 0.19 0.47 0.49 0.36 0.36 0.09 0.16
Uniform Delay, d1 19.2 10.2 17.2 7.9 13.0 12.1 12.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.3 2.1 0.2 0.7 0.1 0.2
Delay (s) 20.8 10.5 19.4 8.1 13.6 12.2 12.6
Level of Service C B B A B B B
Approach Delay (s) 10.6 9.5 12.9 12.6
Approach LOS B A B B


Intersection Summary
HCM Average Control Delay 10.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 41.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 41.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030) + Proposed Project
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 60 280 550 40 20 90
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 63 295 579 42 21 95
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 621 874 311
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 621 874 311
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 93 92 86
cM capacity (veh/h) 956 270 685


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 63 147 147 386 235 116
Volume Left 63 0 0 0 0 21
Volume Right 0 0 0 0 42 95
cSH 956 1700 1700 1700 1700 536
Volume to Capacity 0.07 0.09 0.09 0.23 0.14 0.22
Queue Length 95th (ft) 5 0 0 0 0 20
Control Delay (s) 9.0 0.0 0.0 0.0 0.0 13.6
Lane LOS A B
Approach Delay (s) 1.6 0.0 13.6
Approach LOS B


Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 37.6% ICU Level of Service A
Analysis Period (min) 15


AM Build-Out (2030) + Proposed Project
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 82 331 74 229 990 327 59 154 123 277 212
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 13.0 34.0 34.0 16.0 37.0 37.0 13.0 26.0 14.0 27.0 27.0
Total Split (%) 14.4% 37.8% 37.8% 17.8% 41.1% 41.1% 14.4% 28.9% 15.6% 30.0% 30.0%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 8.6 13.9 13.9 21.1 30.4 30.4 8.3 16.2 9.7 17.4 17.4
Actuated g/C Ratio 0.11 0.19 0.19 0.28 0.41 0.41 0.11 0.22 0.13 0.23 0.23
v/c Ratio 0.47 0.53 0.24 0.28 0.72 0.44 0.35 0.66 0.32 0.67 0.45
Control Delay 46.4 33.9 9.7 24.0 25.3 4.4 43.0 34.7 37.6 37.6 7.3
Queue Delay 0.0 0.0 0.0 0.0 2.7 0.5 0.0 0.0 0.0 0.0 0.0
Total Delay 46.4 33.9 9.7 24.0 28.1 4.9 43.0 34.7 37.6 37.6 7.3
LOS D C A C C A D C D D A
Approach Delay 32.3 22.6 36.3 27.1
Approach LOS C C D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 74.8
Natural Cycle: 60
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.72
Intersection Signal Delay: 26.6 Intersection LOS: C
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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AM Build-Out (2030) + Proposed Project
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 82 331 74 229 990 327 59 154 101 123 277 212
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 3072 3539 1417 1583 1752 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 3072 3539 1417 1583 1752 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 86 348 78 241 1042 344 62 162 106 129 292 223
RTOR Reduction (vph) 0 0 64 0 0 206 0 28 0 0 0 172
Lane Group Flow (vph) 86 348 14 241 1042 138 62 240 0 129 292 51
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 6.2 13.9 13.9 22.7 30.4 30.4 6.0 16.2 7.2 17.4 17.4
Effective Green, g (s) 6.2 13.9 13.9 22.7 30.4 30.4 6.0 16.2 7.2 17.4 17.4
Actuated g/C Ratio 0.08 0.18 0.18 0.30 0.40 0.40 0.08 0.21 0.09 0.23 0.23
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 129 647 259 918 1416 567 125 373 291 427 324
v/s Ratio Prot c0.05 0.10 0.08 c0.29 0.04 c0.14 0.04 c0.16
v/s Ratio Perm 0.01 0.10 0.04
v/c Ratio 0.67 0.54 0.06 0.26 0.74 0.24 0.50 0.64 0.44 0.68 0.16
Uniform Delay, d1 33.9 28.1 25.6 20.3 19.4 15.2 33.6 27.3 32.5 26.8 23.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 12.3 0.9 0.1 0.2 2.0 0.2 3.1 3.8 1.1 4.5 0.2
Delay (s) 46.2 29.0 25.7 20.4 21.4 15.4 36.6 31.1 33.6 31.3 23.7
Level of Service D C C C C B D C C C C
Approach Delay (s) 31.4 20.0 32.1 29.1
Approach LOS C B C C


Intersection Summary
HCM Average Control Delay 25.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 76.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group


AM Build-Out (2030) + Proposed Project
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBL WBT SBL SBT SBR ø2 ø7
Lane Configurations
Volume (vph) 311 245 355 818 200 0 729
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6 2 7
Permitted Phases 4 6 6
Detector Phase 4 4 8 8 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 8.0
Total Split (s) 46.0 46.0 34.0 34.0 44.0 44.0 44.0 44.0 12.0
Total Split (%) 51.1% 51.1% 37.8% 37.8% 48.9% 48.9% 48.9% 49% 13%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag
Lead-Lag Optimize? Yes Yes Yes
Recall Mode None None None None C-Min C-Min C-Min C-Min None
Act Effct Green (s) 45.8 45.8 33.7 33.7 36.2 36.2 36.2
Actuated g/C Ratio 0.51 0.51 0.37 0.37 0.40 0.40 0.40
v/c Ratio 0.18 0.18 0.33 0.65 0.33 0.64 0.71
Control Delay 12.5 2.1 18.2 21.2 20.2 27.2 30.9
Queue Delay 1.1 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.6 2.1 18.2 21.2 20.2 27.2 30.9
LOS B A B C C C C
Approach Delay 8.5 20.3 27.1
Approach LOS A C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.80
Intersection Signal Delay: 20.2 Intersection LOS: C
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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AM Build-Out (2030) + Proposed Project
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 311 245 355 818 0 0 0 0 200 0 729
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.88 0.97 0.95 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 1.00 0.85 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 2493 3072 3539 1583 1504 1346
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 2493 3072 3539 1583 1504 1346
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 327 258 374 861 0 0 0 0 211 0 767
RTOR Reduction (vph) 0 0 126 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 327 132 374 861 0 0 0 0 211 384 383
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6 6
Actuated Green, G (s) 45.9 45.9 33.7 33.7 36.1 36.1 36.1
Effective Green, g (s) 45.9 45.9 33.7 33.7 36.1 36.1 36.1
Actuated g/C Ratio 0.51 0.51 0.37 0.37 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1805 1271 1150 1325 635 603 540
v/s Ratio Prot c0.09 0.12 c0.24 0.26
v/s Ratio Perm 0.05 0.13 c0.28
v/c Ratio 0.18 0.10 0.33 0.65 0.33 0.64 0.71
Uniform Delay, d1 11.9 11.4 20.1 23.3 18.6 21.7 22.6
Progression Factor 1.00 1.00 0.86 0.80 1.00 1.00 1.00
Incremental Delay, d2 0.0 0.0 0.1 0.9 1.4 5.1 7.7
Delay (s) 12.0 11.4 17.3 19.6 20.0 26.8 30.2
Level of Service B B B B C C C
Approach Delay (s) 11.7 18.9 0.0 26.7
Approach LOS B B A C


Intersection Summary
HCM Average Control Delay 20.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


AM Build-Out (2030) + Proposed Project
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 169 342 726 447 4 314
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 12.0 46.0 34.0 44.0 44.0 44.0 44.0
Total Split (%) 13.3% 51.1% 37.8% 48.9% 48.9% 48.9% 49%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 8.2 45.8 33.7 36.2 36.2 36.2
Actuated g/C Ratio 0.09 0.51 0.37 0.40 0.40 0.40
v/c Ratio 0.64 0.20 0.80 0.39 0.35 0.33
Control Delay 49.7 11.4 29.8 21.3 20.5 19.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 49.7 11.4 29.8 21.3 20.5 19.6
LOS D B C C C B
Approach Delay 24.1 29.8 20.3
Approach LOS C C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.80
Intersection Signal Delay: 25.3 Intersection LOS: C
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Build-Out (2030) + Proposed Project
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 169 342 0 0 726 269 447 4 314 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3396 1504 1687 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3396 1504 1687 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 178 360 0 0 764 283 471 4 331 0 0 0
RTOR Reduction (vph) 0 0 0 0 39 0 0 0 0 0 0 0
Lane Group Flow (vph) 178 360 0 0 1008 0 235 240 331 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 8.2 45.9 33.7 36.1 36.1 36.1
Effective Green, g (s) 8.2 45.9 33.7 36.1 36.1 36.1
Actuated g/C Ratio 0.09 0.51 0.37 0.40 0.40 0.40
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 280 1805 1272 603 677 1000
v/s Ratio Prot c0.06 0.10 c0.30 c0.16 0.14
v/s Ratio Perm 0.13
v/c Ratio 0.64 0.20 0.79 0.39 0.35 0.33
Uniform Delay, d1 39.5 12.0 25.0 19.1 18.8 18.6
Progression Factor 0.97 0.90 1.00 1.00 1.00 1.00
Incremental Delay, d2 4.6 0.1 3.5 1.9 1.5 0.9
Delay (s) 43.0 10.8 28.5 21.0 20.3 19.5
Level of Service D B C C C B
Approach Delay (s) 21.5 28.5 20.2 0.0
Approach LOS C C C A


Intersection Summary
HCM Average Control Delay 24.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 62.9% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group


AM Build-Out (2030) + Proposed Project
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 50 10 10 130 30 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 11 137 32 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 147 195 79
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 147 195 79
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 96 96 98
cM capacity (veh/h) 1434 765 982


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 63 147 53
Volume Left 53 0 32
Volume Right 0 137 21
cSH 1434 1700 839
Volume to Capacity 0.04 0.09 0.06
Queue Length 95th (ft) 3 0 5
Control Delay (s) 6.4 0.0 9.6
Lane LOS A A
Approach Delay (s) 6.4 0.0 9.6
Approach LOS A


Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 25.2% ICU Level of Service A
Analysis Period (min) 15
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AM Build-Out (2030) + Proposed Project
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 50 0 0 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 53 0 0 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 105 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 105 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 96
cM capacity (veh/h) 1623 864 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 53 42
Volume Left 0 53 0
Volume Right 0 0 42
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.04
Queue Length 95th (ft) 0 3 3
Control Delay (s) 0.0 7.3 8.5
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.5
Approach LOS A


Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15


AM Build-Out (2030) + Proposed Project
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 20 30 420 500 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 32 442 526 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 821 274 547
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 821 274 547
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 93 97 97
cM capacity (veh/h) 303 724 1018


Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 42 32 221 221 351 196
Volume Left 21 32 0 0 0 0
Volume Right 21 0 0 0 0 21
cSH 427 1018 1700 1700 1700 1700
Volume to Capacity 0.10 0.03 0.13 0.13 0.21 0.12
Queue Length 95th (ft) 8 2 0 0 0 0
Control Delay (s) 14.3 8.6 0.0 0.0 0.0 0.0
Lane LOS B A
Approach Delay (s) 14.3 0.6 0.0
Approach LOS B


Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15
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AM Build-Out (2030) + Proposed Project
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 40 40 70 50 180 60 460 130 310
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 20.0 13.0 30.0 20.0 37.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 22.2% 14.4% 33.3% 22.2% 41.1%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 8.1 8.1 8.2 8.2 16.6 12.4 15.2 11.2 22.7
Actuated g/C Ratio 0.15 0.15 0.16 0.16 0.32 0.24 0.29 0.21 0.43
v/c Ratio 0.17 0.21 0.16 0.18 0.33 0.17 0.54 0.41 0.24
Control Delay 27.5 13.4 25.9 27.1 3.2 19.8 19.6 26.6 18.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.5 13.4 25.9 27.1 3.2 19.8 19.6 26.6 18.0
LOS C B C C A B B C B
Approach Delay 17.1 12.5 19.6 20.3
Approach LOS B B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 52.5
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.54
Intersection Signal Delay: 18.2 Intersection LOS: B
Intersection Capacity Utilization 41.8% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


AM Build-Out (2030) + Proposed Project
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 40 70 70 50 180 60 460 60 130 310 40
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3201 3072 1863 1417 1583 3478 1583 3479
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3201 3072 1863 1417 1583 3478 1583 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 42 74 74 53 189 63 484 63 137 326 42
RTOR Reduction (vph) 0 67 0 0 0 123 0 12 0 0 11 0
Lane Group Flow (vph) 42 49 0 74 53 66 63 535 0 137 357 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 5.4 5.4 5.5 5.5 19.5 8.4 15.2 14.0 20.8
Effective Green, g (s) 5.4 5.4 5.5 5.5 19.5 8.4 15.2 14.0 20.8
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.35 0.15 0.27 0.25 0.37
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 152 308 301 183 493 237 942 395 1290
v/s Ratio Prot c0.03 0.02 0.02 c0.03 0.03 0.04 c0.15 c0.09 c0.10
v/s Ratio Perm 0.01
v/c Ratio 0.28 0.16 0.25 0.29 0.13 0.27 0.57 0.35 0.28
Uniform Delay, d1 23.5 23.3 23.4 23.5 12.5 21.1 17.6 17.3 12.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.2 0.4 0.9 0.1 0.6 0.8 0.5 0.1
Delay (s) 24.5 23.5 23.8 24.4 12.6 21.7 18.4 17.8 12.5
Level of Service C C C C B C B B B
Approach Delay (s) 23.8 17.2 18.8 13.9
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 17.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 56.1 Sum of lost time (s) 12.0
Intersection Capacity Utilization 41.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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AM Build-Out (2030) + Proposed Project
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 10 170 110 400 150 130 80 10
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 23.0 17.0 32.0 30.0 20.0 20.0 20.0
Total Split (%) 8.9% 25.6% 18.9% 35.6% 33.3% 22.2% 22.2% 22.2%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 4.7 12.3 10.4 21.7 14.6 11.4 11.4 11.4
Actuated g/C Ratio 0.08 0.21 0.18 0.37 0.25 0.20 0.20 0.20
v/c Ratio 0.09 0.28 0.41 0.56 0.55 0.44 0.23 0.04
Control Delay 36.3 23.5 32.2 13.2 26.4 31.2 27.0 15.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.3 23.5 32.2 13.2 26.4 31.2 27.0 15.1
LOS D C C B C C C B
Approach Delay 24.1 15.6 26.4 28.9
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 58.2
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.56
Intersection Signal Delay: 20.4 Intersection LOS: C
Intersection Capacity Utilization 59.8% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


AM Build-Out (2030) + Proposed Project
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 170 30 110 400 340 40 150 50 130 80 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.93 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3459 1583 3295 1795 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3459 1583 3295 1795 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 179 32 116 421 358 42 158 53 137 84 11
RTOR Reduction (vph) 0 16 0 0 160 0 0 11 0 0 0 9
Lane Group Flow (vph) 11 195 0 116 619 0 0 242 0 137 84 2
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.5 14.6 7.6 21.7 14.6 8.5 8.5 8.5
Effective Green, g (s) 0.5 14.6 7.6 21.7 14.6 8.5 8.5 8.5
Actuated g/C Ratio 0.01 0.24 0.12 0.35 0.24 0.14 0.14 0.14
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 13 824 196 1166 428 220 258 196
v/s Ratio Prot 0.01 0.06 c0.07 c0.19 c0.13 c0.09 0.05
v/s Ratio Perm 0.00
v/c Ratio 0.85 0.24 0.59 0.53 0.56 0.62 0.33 0.01
Uniform Delay, d1 30.4 18.9 25.4 15.8 20.6 24.9 23.8 22.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 166.4 0.1 4.7 0.5 1.7 5.4 0.7 0.0
Delay (s) 196.8 19.0 30.1 16.2 22.3 30.3 24.6 22.8
Level of Service F B C B C C C C
Approach Delay (s) 27.8 18.0 22.3 27.9
Approach LOS C B C C


Intersection Summary
HCM Average Control Delay 21.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 61.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 59.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030) + Proposed Project
1: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 600 140 450 110 20 150 10 40
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 40.0 23.0 55.0 27.0 27.0 27.0 27.0 27.0
Total Split (%) 8.9% 44.4% 25.6% 61.1% 30.0% 30.0% 30.0% 30.0% 30.0%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 4.6 20.3 11.6 31.0 11.8 11.8 11.8
Actuated g/C Ratio 0.09 0.38 0.22 0.58 0.22 0.22 0.22
v/c Ratio 0.15 0.62 0.43 0.24 0.42 0.36 0.21
Control Delay 34.0 16.2 26.6 5.8 26.4 7.4 16.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 34.0 16.2 26.6 5.8 26.4 7.4 16.2
LOS C B C A C A B
Approach Delay 16.7 10.7 16.2 16.2
Approach LOS B B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 53.1
Natural Cycle: 55
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.62
Intersection Signal Delay: 14.5 Intersection LOS: B
Intersection Capacity Utilization 55.1% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     1: Bradley Ave & Floyd Smith Dr


PM Build-Out (2030) + Proposed Project
1: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 600 190 140 450 10 110 20 150 10 40 30
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.96 1.00 1.00 1.00 0.85 0.95
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1583 3412 1583 3527 1787 1417 1757
Flt Permitted 0.95 1.00 0.95 1.00 0.79 1.00 0.96
Satd. Flow (perm) 1583 3412 1583 3527 1465 1417 1695
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 632 200 147 474 11 116 21 158 11 42 32
RTOR Reduction (vph) 0 33 0 0 2 0 0 0 124 0 25 0
Lane Group Flow (vph) 21 799 0 147 483 0 0 137 34 0 60 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 0.5 22.7 8.8 31.0 11.8 11.8 11.8
Effective Green, g (s) 0.5 22.7 8.8 31.0 11.8 11.8 11.8
Actuated g/C Ratio 0.01 0.41 0.16 0.56 0.21 0.21 0.21
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 14 1401 252 1977 313 302 362
v/s Ratio Prot 0.01 c0.23 c0.09 0.14
v/s Ratio Perm c0.09 0.02 0.04
v/c Ratio 1.50 0.57 0.58 0.24 0.44 0.11 0.17
Uniform Delay, d1 27.4 12.5 21.6 6.2 18.9 17.5 17.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 427.8 0.6 3.4 0.1 1.0 0.2 0.2
Delay (s) 455.2 13.1 25.0 6.3 19.9 17.7 18.0
Level of Service F B C A B B B
Approach Delay (s) 24.0 10.6 18.7 18.0
Approach LOS C B B B


Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 55.3 Sum of lost time (s) 12.0
Intersection Capacity Utilization 55.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030) + Proposed Project
2: Bradley Ave & Floyd Smith Dr Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBL NBT NBR SBL SBT
Lane Configurations
Volume (vph) 10 770 70 280 130 10 210 120 20
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Detector Phase 7 4 3 8 2 2 2 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 42.0 16.0 50.0 32.0 32.0 32.0 32.0 32.0
Total Split (%) 8.9% 46.7% 17.8% 55.6% 35.6% 35.6% 35.6% 35.6% 35.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lead
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None Min Min Min Min Min
Act Effct Green (s) 7.9 21.9 9.0 24.4 13.6 13.6 13.6
Actuated g/C Ratio 0.15 0.42 0.17 0.47 0.26 0.26 0.26
v/c Ratio 0.05 0.62 0.27 0.20 0.44 0.41 0.48
Control Delay 21.8 15.2 27.8 11.6 24.7 6.3 25.2
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.8 15.2 27.8 11.6 24.7 6.3 25.2
LOS C B C B C A C
Approach Delay 15.3 14.5 13.7 25.2
Approach LOS B B B C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 51.6
Natural Cycle: 50
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.62
Intersection Signal Delay: 15.6 Intersection LOS: B
Intersection Capacity Utilization 57.6% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     2: Bradley Ave & Floyd Smith Dr


PM Build-Out (2030) + Proposed Project
2: Bradley Ave & Floyd Smith Dr HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 770 110 70 280 40 130 10 210 120 20 10
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.98 1.00 0.85 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.96 1.00 0.96
Satd. Flow (prot) 1583 3473 1583 3473 1780 1417 1774
Flt Permitted 0.95 1.00 0.95 1.00 0.69 1.00 0.67
Satd. Flow (perm) 1583 3473 1583 3473 1283 1417 1242
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 811 116 74 295 42 137 11 221 126 21 11
RTOR Reduction (vph) 0 12 0 0 14 0 0 0 165 0 3 0
Lane Group Flow (vph) 11 915 0 74 323 0 0 148 56 0 155 0
Turn Type Prot Prot Perm Perm Perm
Protected Phases 7 4 3 8 2 6
Permitted Phases 2 2 6
Actuated Green, G (s) 3.7 23.3 4.7 24.3 13.6 13.6 13.6
Effective Green, g (s) 3.7 23.3 4.7 24.3 13.6 13.6 13.6
Actuated g/C Ratio 0.07 0.43 0.09 0.45 0.25 0.25 0.25
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 109 1510 139 1575 326 360 315
v/s Ratio Prot 0.01 c0.26 c0.05 0.09
v/s Ratio Perm 0.12 0.04 c0.12
v/c Ratio 0.10 0.61 0.53 0.21 0.45 0.16 0.49
Uniform Delay, d1 23.4 11.6 23.4 8.8 16.9 15.5 17.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 0.7 3.9 0.1 1.0 0.2 1.2
Delay (s) 23.8 12.3 27.3 8.9 17.9 15.7 18.3
Level of Service C B C A B B B
Approach Delay (s) 12.5 12.2 16.6 18.3
Approach LOS B B B B


Intersection Summary
HCM Average Control Delay 13.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 53.6 Sum of lost time (s) 12.0
Intersection Capacity Utilization 57.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030) + Proposed Project
3: Bradley Ave & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 100 560 320 20 30 80
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 105 589 337 21 32 84
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 960 880
pX, platoon unblocked
vC, conflicting volume 358 853 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 358 853 179
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 91 88 90
cM capacity (veh/h) 1197 272 833


Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2 SB 1
Volume Total 105 295 295 225 133 116
Volume Left 105 0 0 0 0 32
Volume Right 0 0 0 0 21 84
cSH 1197 1700 1700 1700 1700 533
Volume to Capacity 0.09 0.17 0.17 0.13 0.08 0.22
Queue Length 95th (ft) 7 0 0 0 0 20
Control Delay (s) 8.3 0.0 0.0 0.0 0.0 13.6
Lane LOS A B
Approach Delay (s) 1.3 0.0 13.6
Approach LOS B


Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 33.0% ICU Level of Service A
Analysis Period (min) 15


PM Build-Out (2030) + Proposed Project
4: Bradley Ave & Magnolia Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT EBR WBL WBT WBR NBL NBT SBL SBT SBR
Lane Configurations
Volume (vph) 189 739 102 156 505 278 51 348 476 362 181
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 3 8 8 5 2 1 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 8.0 20.0 20.0 8.0 20.0 8.0 20.0 20.0
Total Split (s) 16.0 27.0 27.0 9.0 20.0 20.0 11.0 35.0 19.0 43.0 43.0
Total Split (%) 17.8% 30.0% 30.0% 10.0% 22.2% 22.2% 12.2% 38.9% 21.1% 47.8% 47.8%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead Lead Lag Lead Lead Lead Lead Lag Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None None None None None None None Min None Min Min
Act Effct Green (s) 12.0 22.3 22.3 5.4 15.7 15.7 6.7 31.0 15.0 41.2 41.2
Actuated g/C Ratio 0.13 0.25 0.25 0.06 0.18 0.18 0.07 0.35 0.17 0.46 0.46
v/c Ratio 0.94 0.89 0.25 0.89 0.86 0.60 0.46 1.01 0.97 0.45 0.25
Control Delay 89.1 45.7 8.6 86.9 51.3 9.9 52.6 68.5 72.9 19.5 3.4
Queue Delay 0.0 0.0 0.0 0.0 31.8 0.1 0.0 0.0 0.0 0.0 0.0
Total Delay 89.1 45.7 8.6 86.9 83.1 10.0 52.6 68.5 72.9 19.5 3.4
LOS F D A F F A D E E B A
Approach Delay 50.0 62.1 67.2 41.6
Approach LOS D E E D


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 89.7
Natural Cycle: 90
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 1.01
Intersection Signal Delay: 53.9 Intersection LOS: D
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15


Splits and Phases:     4: Bradley Ave & Magnolia Ave
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PM Build-Out (2030) + Proposed Project
4: Bradley Ave & Magnolia Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 189 739 102 156 505 278 51 348 262 476 362 181
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.97 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1583 3539 1417 3072 3539 1417 1583 1743 3072 1863 1417
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1583 3539 1417 3072 3539 1417 1583 1743 3072 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 199 778 107 164 532 293 54 366 276 501 381 191
RTOR Reduction (vph) 0 0 74 0 0 242 0 30 0 0 0 104
Lane Group Flow (vph) 199 778 33 164 532 51 54 612 0 501 381 87
Turn Type Prot Perm Prot Perm Prot Prot Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 6
Actuated Green, G (s) 12.0 22.3 22.3 5.4 15.7 15.7 5.6 31.0 15.8 41.2 41.2
Effective Green, g (s) 12.0 22.3 22.3 5.4 15.7 15.7 5.6 31.0 15.8 41.2 41.2
Actuated g/C Ratio 0.13 0.25 0.25 0.06 0.17 0.17 0.06 0.34 0.17 0.46 0.46
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 210 872 349 183 614 246 98 597 536 848 645
v/s Ratio Prot c0.13 c0.22 0.05 0.15 0.03 c0.35 c0.16 0.20
v/s Ratio Perm 0.02 0.04 0.06
v/c Ratio 0.95 0.89 0.09 0.90 0.87 0.21 0.55 1.02 0.93 0.45 0.13
Uniform Delay, d1 38.9 32.9 26.3 42.3 36.4 32.1 41.2 29.8 36.8 16.9 14.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 46.9 11.4 0.1 38.4 12.3 0.4 6.6 43.3 23.7 0.4 0.1
Delay (s) 85.8 44.3 26.4 80.7 48.6 32.5 47.8 73.0 60.5 17.3 14.4
Level of Service F D C F D C D E E B B
Approach Delay (s) 50.2 49.2 71.1 36.9
Approach LOS D D E D


Intersection Summary
HCM Average Control Delay 50.0 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 90.5 Sum of lost time (s) 12.0
Intersection Capacity Utilization 88.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group


PM Build-Out (2030) + Proposed Project
5: Bradley Ave & SR-67 SB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBT EBR WBL WBT SBL SBT SBR ø2 ø7
Lane Configurations
Volume (vph) 701 773 379 611 340 2 329
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6 2 7
Permitted Phases 4 6 6
Detector Phase 4 4 8 8 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 8.0
Total Split (s) 51.0 51.0 32.0 32.0 39.0 39.0 39.0 39.0 19.0
Total Split (%) 56.7% 56.7% 35.6% 35.6% 43.3% 43.3% 43.3% 43% 21%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lead Lag
Lead-Lag Optimize? Yes Yes Yes
Recall Mode None None None None C-Min C-Min C-Min C-Min None
Act Effct Green (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.53 0.53 0.32 0.32 0.39 0.39 0.39
v/c Ratio 0.40 0.48 0.41 0.57 0.59 0.30 0.33
Control Delay 13.6 1.9 23.8 25.0 26.8 21.1 21.9
Queue Delay 5.1 0.7 0.0 0.0 0.0 0.0 0.0
Total Delay 18.7 2.6 23.8 25.0 26.8 21.1 21.9
LOS B A C C C C C
Approach Delay 10.3 24.5 24.2
Approach LOS B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 55
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.87
Intersection Signal Delay: 17.8 Intersection LOS: B
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.


Splits and Phases:     5: Bradley Ave & SR-67 SB Ramps
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PM Build-Out (2030) + Proposed Project
5: Bradley Ave & SR-67 SB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 701 773 379 611 0 0 0 0 340 2 329
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.88 0.97 0.95 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 1.00 0.85 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 2493 3072 3539 1583 1507 1346
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 2493 3072 3539 1583 1507 1346
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 738 814 399 643 0 0 0 0 358 2 346
RTOR Reduction (vph) 0 0 386 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 738 428 399 643 0 0 0 0 358 175 173
Turn Type Perm Split Perm Perm
Protected Phases 4! 8! 8 6
Permitted Phases 4 6 6
Actuated Green, G (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Effective Green, g (s) 47.3 47.3 28.7 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.53 0.53 0.32 0.32 0.39 0.39 0.39
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1860 1310 980 1129 610 581 519
v/s Ratio Prot c0.21 0.13 c0.18 0.12
v/s Ratio Perm 0.17 c0.23 0.13
v/c Ratio 0.40 0.33 0.41 0.57 0.59 0.30 0.33
Uniform Delay, d1 12.8 12.2 24.0 25.5 22.0 19.2 19.5
Progression Factor 1.00 1.00 0.94 0.91 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.1 0.2 0.5 4.1 1.3 1.7
Delay (s) 12.9 12.4 22.8 23.6 26.1 20.6 21.2
Level of Service B B C C C C C
Approach Delay (s) 12.6 23.3 0.0 23.5
Approach LOS B C A C


Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15
!    Phase conflict between lane groups.
c    Critical Lane Group


PM Build-Out (2030) + Proposed Project
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 396 644 718 272 7 736
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 19.0 51.0 32.0 39.0 39.0 39.0 39.0
Total Split (%) 21.1% 56.7% 35.6% 43.3% 43.3% 43.3% 43%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 14.6 47.3 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.16 0.53 0.32 0.39 0.39 0.39
v/c Ratio 0.84 0.36 0.87 0.25 0.23 0.81
Control Delay 47.5 10.0 37.9 20.4 19.9 32.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 47.5 10.0 37.9 20.4 19.9 32.7
LOS D A D C B C
Approach Delay 24.3 37.9 29.2
Approach LOS C D C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 55
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.87
Intersection Signal Delay: 30.2 Intersection LOS: C
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Build-Out (2030) + Proposed Project
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 396 644 0 0 718 208 272 7 736 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3420 1504 1689 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3420 1504 1689 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 417 678 0 0 756 219 286 7 775 0 0 0
RTOR Reduction (vph) 0 0 0 0 29 0 0 0 0 0 0 0
Lane Group Flow (vph) 417 678 0 0 946 0 146 147 775 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 14.6 47.3 28.7 34.7 34.7 34.7
Effective Green, g (s) 14.6 47.3 28.7 34.7 34.7 34.7
Actuated g/C Ratio 0.16 0.53 0.32 0.39 0.39 0.39
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 498 1860 1091 580 651 961
v/s Ratio Prot c0.14 0.19 c0.28 0.10 0.09
v/s Ratio Perm c0.31
v/c Ratio 0.84 0.36 0.87 0.25 0.23 0.81
Uniform Delay, d1 36.5 12.5 28.9 18.8 18.6 24.7
Progression Factor 0.89 0.75 1.00 1.00 1.00 1.00
Incremental Delay, d2 10.7 0.1 7.4 1.0 0.8 7.2
Delay (s) 43.3 9.5 36.3 19.9 19.4 31.9
Level of Service D A D B B C
Approach Delay (s) 22.4 36.3 28.5 0.0
Approach LOS C D C A


Intersection Summary
HCM Average Control Delay 28.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group


PM Build-Out (2030) + Proposed Project
7: Floyd Smith Dr & Joe Crosson Dr HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 40 10 10 80 110 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 11 11 84 116 53
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 703 651
pX, platoon unblocked
vC, conflicting volume 95 147 53
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 95 147 53
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 86 95
cM capacity (veh/h) 1499 821 1015


Direction, Lane # EB 1 WB 1 SB 1
Volume Total 53 95 168
Volume Left 42 0 116
Volume Right 0 84 53
cSH 1499 1700 873
Volume to Capacity 0.03 0.06 0.19
Queue Length 95th (ft) 2 0 18
Control Delay (s) 6.0 0.0 10.1
Lane LOS A B
Approach Delay (s) 6.0 0.0 10.1
Approach LOS B


Intersection Summary
Average Delay 6.4
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15
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PM Build-Out (2030) + Proposed Project
8: Airport Dr & Wing Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 40 0 0 110
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 0 42 0 0 116
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 84 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 84 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 100 89
cM capacity (veh/h) 1623 894 1085


Direction, Lane # EB 1 WB 1 NB 1
Volume Total 0 42 116
Volume Left 0 42 0
Volume Right 0 0 116
cSH 1700 1623 1085
Volume to Capacity 0.00 0.03 0.11
Queue Length 95th (ft) 0 2 9
Control Delay (s) 0.0 7.3 8.7
Lane LOS A A
Approach Delay (s) 0.0 7.3 8.7
Approach LOS A


Intersection Summary
Average Delay 8.3
Intersection Capacity Utilization 17.6% ICU Level of Service A
Analysis Period (min) 15


PM Build-Out (2030) + Proposed Project
9: Airport Dr & Magnolia Ave HCM Unsignalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 60 40 20 860 590 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 63 42 21 905 621 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1126 321 642
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1126 321 642
tC, single (s) 6.8 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 67 94 98
cM capacity (veh/h) 194 675 938


Direction, Lane # EB 1 NB 1 NB 2 NB 3 SB 1 SB 2
Volume Total 105 21 453 453 414 228
Volume Left 63 21 0 0 0 0
Volume Right 42 0 0 0 0 21
cSH 271 938 1700 1700 1700 1700
Volume to Capacity 0.39 0.02 0.27 0.27 0.24 0.13
Queue Length 95th (ft) 44 2 0 0 0 0
Control Delay (s) 26.4 8.9 0.0 0.0 0.0 0.0
Lane LOS D A
Approach Delay (s) 26.4 0.2 0.0
Approach LOS D


Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
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PM Build-Out (2030) + Proposed Project
10: Bradley Ave & Cuyamaca St Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT WBR NBL NBT SBL SBT
Lane Configurations
Volume (vph) 20 10 80 30 130 20 400 190 690
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Detector Phase 4 4 8 8 1 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 20.0 20.0 20.0 20.0 8.0 8.0 20.0 8.0 20.0
Total Split (s) 20.0 20.0 20.0 20.0 24.0 9.0 26.0 24.0 41.0
Total Split (%) 22.2% 22.2% 22.2% 22.2% 26.7% 10.0% 28.9% 26.7% 45.6%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes
Recall Mode None None None None None None None None None
Act Effct Green (s) 7.4 7.4 8.0 8.0 19.6 7.1 13.9 13.1 31.3
Actuated g/C Ratio 0.15 0.15 0.16 0.16 0.39 0.14 0.28 0.26 0.62
v/c Ratio 0.09 0.07 0.17 0.11 0.22 0.09 0.50 0.49 0.34
Control Delay 28.2 17.2 25.9 26.9 2.6 26.8 19.3 24.2 9.7
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.2 17.2 25.9 26.9 2.6 26.8 19.3 24.2 9.7
LOS C B C C A C B C A
Approach Delay 21.5 13.4 19.6 12.8
Approach LOS C B B B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 50.3
Natural Cycle: 75
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.50
Intersection Signal Delay: 15.1 Intersection LOS: B
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     10: Bradley Ave & Cuyamaca St


PM Build-Out (2030) + Proposed Project
10: Bradley Ave & Cuyamaca St HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 10 20 80 30 130 20 400 60 190 690 20
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 0.97 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 1.00 0.85 1.00 0.98 1.00 1.00
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1583 3191 3072 1863 1417 1583 3470 1583 3524
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1583 3191 3072 1863 1417 1583 3470 1583 3524
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 11 21 84 32 137 21 421 63 200 726 21
RTOR Reduction (vph) 0 20 0 0 0 81 0 13 0 0 2 0
Lane Group Flow (vph) 21 12 0 84 32 56 21 471 0 200 745 0
Turn Type Split Split pm+ov Prot Prot
Protected Phases 4 4 8 8 1 5 2 1 6
Permitted Phases 8
Actuated Green, G (s) 3.3 3.3 5.5 5.5 22.8 1.7 13.9 17.3 29.5
Effective Green, g (s) 3.3 3.3 5.5 5.5 22.8 1.7 13.9 17.3 29.5
Actuated g/C Ratio 0.06 0.06 0.10 0.10 0.41 0.03 0.25 0.31 0.53
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 93 188 302 183 577 48 861 489 1856
v/s Ratio Prot c0.01 0.00 c0.03 0.02 0.03 0.01 c0.14 c0.13 c0.21
v/s Ratio Perm 0.01
v/c Ratio 0.23 0.07 0.28 0.17 0.10 0.44 0.55 0.41 0.40
Uniform Delay, d1 25.1 24.9 23.4 23.2 10.2 26.7 18.3 15.3 8.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 0.1 0.5 0.5 0.1 6.3 0.7 0.6 0.1
Delay (s) 26.4 25.0 23.9 23.6 10.3 32.9 19.0 15.9 8.1
Level of Service C C C C B C B B A
Approach Delay (s) 25.6 16.5 19.6 9.7
Approach LOS C B B A


Intersection Summary
HCM Average Control Delay 14.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 56.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Build-Out (2030) + Proposed Project
11: Bradley Ave & Marshall Ave Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBL WBT NBT SBL SBT SBR
Lane Configurations
Volume (vph) 10 250 70 260 120 180 150 20
Turn Type Prot Prot Split Perm
Protected Phases 7 4 3 8 2 6 6
Permitted Phases 6
Detector Phase 7 4 3 8 2 6 6 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 8.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 8.0 20.0 12.0 24.0 31.0 27.0 27.0 27.0
Total Split (%) 8.9% 22.2% 13.3% 26.7% 34.4% 30.0% 30.0% 30.0%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lead Lag Lead Lag
Lead-Lag Optimize? Yes Yes Yes Yes
Recall Mode None None None None None None None None
Act Effct Green (s) 4.5 11.3 7.9 16.1 13.9 13.5 13.5 13.5
Actuated g/C Ratio 0.08 0.19 0.14 0.28 0.24 0.23 0.23 0.23
v/c Ratio 0.09 0.44 0.35 0.53 0.57 0.51 0.36 0.06
Control Delay 36.1 24.9 34.7 11.3 25.4 28.1 24.7 11.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.1 24.9 34.7 11.3 25.4 28.1 24.7 11.0
LOS D C C B C C C B
Approach Delay 25.3 13.9 25.4 25.7
Approach LOS C B C C


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 58
Natural Cycle: 70
Control Type: Actuated-Uncoordinated
Maximum v/c Ratio: 0.57
Intersection Signal Delay: 20.7 Intersection LOS: C
Intersection Capacity Utilization 58.0% ICU Level of Service B
Analysis Period (min) 15


Splits and Phases:     11: Bradley Ave & Marshall Ave


PM Build-Out (2030) + Proposed Project
11: Bradley Ave & Marshall Ave HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 250 40 70 260 300 30 120 80 180 150 20
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.92 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1583 3466 1583 3255 1768 1583 1863 1417
Flt Permitted 0.95 1.00 0.95 1.00 0.99 0.95 1.00 1.00
Satd. Flow (perm) 1583 3466 1583 3255 1768 1583 1863 1417
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Growth Factor (vph) 100% 100% 100% 100% 100% 100% 100% 108% 100% 100% 100% 100%
Adj. Flow (vph) 11 263 42 74 274 316 32 136 84 189 158 21
RTOR Reduction (vph) 0 13 0 0 220 0 0 22 0 0 0 16
Lane Group Flow (vph) 11 292 0 74 370 0 0 230 0 189 158 5
Turn Type Prot Prot Split Split Perm
Protected Phases 7 4 3 8 2 2 6 6
Permitted Phases 6
Actuated Green, G (s) 0.6 12.7 4.0 16.1 13.9 13.5 13.5 13.5
Effective Green, g (s) 0.6 12.7 4.0 16.1 13.9 13.5 13.5 13.5
Actuated g/C Ratio 0.01 0.21 0.07 0.27 0.23 0.22 0.22 0.22
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 16 732 105 872 409 356 418 318
v/s Ratio Prot 0.01 0.08 c0.05 c0.11 c0.13 c0.12 0.08
v/s Ratio Perm 0.00
v/c Ratio 0.69 0.40 0.70 0.42 0.56 0.53 0.38 0.01
Uniform Delay, d1 29.7 20.4 27.5 18.2 20.4 20.5 19.7 18.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 80.1 0.4 19.3 0.3 1.8 1.5 0.6 0.0
Delay (s) 109.8 20.8 46.8 18.5 22.2 22.0 20.3 18.1
Level of Service F C D B C C C B
Approach Delay (s) 23.9 21.7 22.2 21.1
Approach LOS C C C C


Intersection Summary
HCM Average Control Delay 22.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 60.1 Sum of lost time (s) 16.0
Intersection Capacity Utilization 58.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Build-Out + Proposed Project
DIAGRAM AND TRAFFIC FLOWS:


Signal
Signal


729 0 200
(329) (2) (340)


169 (396) 269 (208)
311 (701) 818 (611) 342 (644) 726 (718)
245 (773) 355 (379)


447 4 314
(272) (7) (736)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 365 365 200
156 (351) 85 (198) Intersection #5 Intersection #6 (166) (166) (340)
156 (351) 85 (198) 409 (306) Intersection #6
123 (387) 171 (322) 409 (306) 269 (208)


122.5 (387) 171 (322) 178 (190) 726 (718)
178 (190) Intersection #5


226 226 157 157
(140) (140) (368) (368)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


171 (387) 726 (718) 365 (368)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 1262 AM Unstable - - < 1,200 ILV/HR.


(PM) Total (1473) (PM) Unstable X X > 1,200 but < 1,500 ILV/HR.
- - > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


65


N
Bradley Ave
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Appendix U 
 
Existing (Year 2011) + Proposed Project with Mitigation LOS & ILV Calculations 
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AM Existing (2011) + Proposed Project With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 113 167 409 281 1 231
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 15.0 53.0 38.0 37.0 37.0 37.0 37.0
Total Split (%) 16.7% 58.9% 42.2% 41.1% 41.1% 41.1% 41%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 8.8 37.4 24.6 44.6 44.6 44.6
Actuated g/C Ratio 0.10 0.42 0.27 0.50 0.50 0.50
v/c Ratio 0.40 0.12 0.67 0.20 0.18 0.20
Control Delay 37.2 11.9 24.8 16.2 15.8 15.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 37.2 11.9 24.8 16.2 15.8 15.3
LOS D B C B B B
Approach Delay 22.1 24.8 15.7
Approach LOS C C B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.67
Intersection Signal Delay: 21.0 Intersection LOS: C
Intersection Capacity Utilization 40.4% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing (2011) + Proposed Project With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 113 167 0 0 409 241 281 1 231 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3342 1504 1686 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3342 1504 1686 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 119 176 0 0 431 254 296 1 243 0 0 0
RTOR Reduction (vph) 0 0 0 0 111 0 0 0 0 0 0 0
Lane Group Flow (vph) 119 176 0 0 574 0 148 149 243 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 8.8 37.4 24.6 44.6 44.6 44.6
Effective Green, g (s) 8.8 37.4 24.6 44.6 44.6 44.6
Actuated g/C Ratio 0.10 0.42 0.27 0.50 0.50 0.50
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 300 1471 913 745 836 1235
v/s Ratio Prot c0.04 0.05 c0.17 c0.10 0.09
v/s Ratio Perm 0.10
v/c Ratio 0.40 0.12 0.63 0.20 0.18 0.20
Uniform Delay, d1 38.1 16.2 28.7 12.7 12.6 12.7
Progression Factor 0.88 0.80 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.0 1.4 0.6 0.5 0.4
Delay (s) 34.6 13.0 30.1 13.3 13.0 13.0
Level of Service C B C B B B
Approach Delay (s) 21.7 30.1 13.1 0.0
Approach LOS C C B A


Intersection Summary
HCM Average Control Delay 22.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 40.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing (2011) + Proposed Project With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 168 384 369 215 3 451
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 19.0 51.0 32.0 39.0 39.0 39.0 39.0
Total Split (%) 21.1% 56.7% 35.6% 43.3% 43.3% 43.3% 43%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 10.5 35.6 21.1 46.4 46.4 46.4
Actuated g/C Ratio 0.12 0.40 0.23 0.52 0.52 0.52
v/c Ratio 0.50 0.29 0.65 0.15 0.13 0.37
Control Delay 36.3 14.1 29.7 14.5 14.3 15.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.3 14.1 29.7 14.5 14.3 15.8
LOS D B C B B B
Approach Delay 20.8 29.7 15.4
Approach LOS C C B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.65
Intersection Signal Delay: 21.4 Intersection LOS: C
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Existing (2011) + Proposed Project With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 168 384 0 0 369 156 215 3 451 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3381 1504 1687 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3381 1504 1687 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 177 404 0 0 388 164 226 3 475 0 0 0
RTOR Reduction (vph) 0 0 0 0 57 0 0 0 0 0 0 0
Lane Group Flow (vph) 177 404 0 0 495 0 115 114 475 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 10.5 35.6 21.1 46.4 46.4 46.4
Effective Green, g (s) 10.5 35.6 21.1 46.4 46.4 46.4
Actuated g/C Ratio 0.12 0.40 0.23 0.52 0.52 0.52
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 358 1400 793 775 870 1285
v/s Ratio Prot c0.06 0.11 c0.15 0.08 0.07
v/s Ratio Perm c0.19
v/c Ratio 0.49 0.29 0.62 0.15 0.13 0.37
Uniform Delay, d1 37.3 18.6 30.9 11.4 11.3 13.0
Progression Factor 0.86 0.77 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.1 0.1 1.5 0.4 0.3 0.8
Delay (s) 32.9 14.4 32.4 11.8 11.6 13.9
Level of Service C B C B B B
Approach Delay (s) 20.1 32.4 13.2 0.0
Approach LOS C C B A


Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Alternative A with Mitigation
DIAGRAM AND TRAFFIC FLOWS:


Signal
Signal


333 0 106
(229) () (211)


114 (167) 241 (156)
213 (347) 440 (350) 166 (385) 409 (368)
241 (429) 198 (228)


281 1 231
(215) (3) (451)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 167 167 106
107 (174) 57 (84) Intersection #5 Intersection #6 (115) (115) (211)
107 (174) 57 (84) 220 (175) Intersection #6
121 (215) 83 (193) 220 (175) 241 (156)


120.5 (215) 83 (193) 99 (114) 409 (368)
99 (114) Intersection #5


141 141 115.5 115.5
(109) (109) (226) (226)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


121 (215) 409 (368) 167 (226)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 696 AM Stable X X < 1,200 ILV/HR.


(PM) Total (808) (PM) Stable - - > 1,200 but < 1,500 ILV/HR.
- - > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection
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Appendix V 
 
Existing (Year 2011) + Alternative A with Mitigation LOS & ILV Calculations 
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AM Existing (2011) + Alternative A With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 114 166 409 281 1 231
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 15.0 53.0 38.0 37.0 37.0 37.0 37.0
Total Split (%) 16.7% 58.9% 42.2% 41.1% 41.1% 41.1% 41%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 8.9 37.5 24.6 44.5 44.5 44.5
Actuated g/C Ratio 0.10 0.42 0.27 0.49 0.49 0.49
v/c Ratio 0.40 0.12 0.67 0.20 0.18 0.20
Control Delay 37.1 11.8 24.8 16.3 15.9 15.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 37.1 11.8 24.8 16.3 15.9 15.4
LOS D B C B B B
Approach Delay 22.1 24.8 15.8
Approach LOS C C B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.67
Intersection Signal Delay: 21.1 Intersection LOS: C
Intersection Capacity Utilization 40.5% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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AM Existing (2011) + Alternative A With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 114 166 0 0 409 241 281 1 231 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3342 1504 1686 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3342 1504 1686 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 120 175 0 0 431 254 296 1 243 0 0 0
RTOR Reduction (vph) 0 0 0 0 111 0 0 0 0 0 0 0
Lane Group Flow (vph) 120 175 0 0 574 0 148 149 243 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 8.9 37.5 24.6 44.5 44.5 44.5
Effective Green, g (s) 8.9 37.5 24.6 44.5 44.5 44.5
Actuated g/C Ratio 0.10 0.42 0.27 0.49 0.49 0.49
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 304 1475 913 744 834 1233
v/s Ratio Prot c0.04 0.05 c0.17 c0.10 0.09
v/s Ratio Perm 0.10
v/c Ratio 0.39 0.12 0.63 0.20 0.18 0.20
Uniform Delay, d1 38.0 16.1 28.7 12.8 12.6 12.7
Progression Factor 0.89 0.80 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.0 1.4 0.6 0.5 0.4
Delay (s) 34.5 13.0 30.1 13.4 13.1 13.1
Level of Service C B C B B B
Approach Delay (s) 21.7 30.1 13.2 0.0
Approach LOS C C B A


Intersection Summary
HCM Average Control Delay 22.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 40.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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PM Existing (2011) + Alternative A With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps Timings


LOS Engineering, Inc. Synchro 7 -  Report


Lane Group EBL EBT WBT NBL NBT NBR ø6
Lane Configurations
Volume (vph) 167 385 368 215 3 451
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2 6
Permitted Phases 2
Detector Phase 7 4 8 2 2 2
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 8.0 20.0 20.0 20.0 20.0 20.0 20.0
Total Split (s) 19.0 51.0 32.0 39.0 39.0 39.0 39.0
Total Split (%) 21.1% 56.7% 35.6% 43.3% 43.3% 43.3% 43%
Yellow Time (s) 3.5 3.5 3.5 3.5 3.5 3.5 3.5
All-Red Time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lead
Lead-Lag Optimize? Yes Yes
Recall Mode None None None C-Min C-Min C-Min C-Min
Act Effct Green (s) 10.5 35.5 21.1 46.5 46.5 46.5
Actuated g/C Ratio 0.12 0.39 0.23 0.52 0.52 0.52
v/c Ratio 0.49 0.29 0.65 0.15 0.13 0.37
Control Delay 36.2 14.1 29.7 14.5 14.2 15.8
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 36.2 14.1 29.7 14.5 14.2 15.8
LOS D B C B B B
Approach Delay 20.8 29.7 15.3
Approach LOS C C B


Intersection Summary
Cycle Length: 90
Actuated Cycle Length: 90
Offset: 0 (0%), Referenced to phase 2:NBTL and 6:, Start of Green
Natural Cycle: 50
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 0.65
Intersection Signal Delay: 21.4 Intersection LOS: C
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15


Splits and Phases:     6: Bradley Ave & SR-67 NB Ramps
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PM Existing (2011) + Alternative A With PSR Mitigation
6: Bradley Ave & SR-67 NB Ramps HCM Signalized Intersection Capacity Analysis


LOS Engineering, Inc. Synchro 7 -  Report


Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 167 385 0 0 368 156 215 3 451 0 0 0
Ideal Flow (vphpl) 1700 1900 1700 1700 1900 1700 1700 1900 1700 1700 1900 1700
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 0.95 0.95 0.95 0.88
Frt 1.00 1.00 0.96 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (prot) 3072 3539 3381 1504 1687 2493
Flt Permitted 0.95 1.00 1.00 0.95 0.95 1.00
Satd. Flow (perm) 3072 3539 3381 1504 1687 2493
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 176 405 0 0 387 164 226 3 475 0 0 0
RTOR Reduction (vph) 0 0 0 0 58 0 0 0 0 0 0 0
Lane Group Flow (vph) 176 405 0 0 493 0 115 114 475 0 0 0
Turn Type Prot Split Perm
Protected Phases 7 4 8 2 2
Permitted Phases 2
Actuated Green, G (s) 10.5 35.6 21.1 46.4 46.4 46.4
Effective Green, g (s) 10.5 35.6 21.1 46.4 46.4 46.4
Actuated g/C Ratio 0.12 0.40 0.23 0.52 0.52 0.52
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 358 1400 793 775 870 1285
v/s Ratio Prot c0.06 0.11 c0.15 0.08 0.07
v/s Ratio Perm c0.19
v/c Ratio 0.49 0.29 0.62 0.15 0.13 0.37
Uniform Delay, d1 37.2 18.6 30.9 11.4 11.3 13.0
Progression Factor 0.86 0.77 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.0 0.1 1.5 0.4 0.3 0.8
Delay (s) 32.9 14.4 32.4 11.8 11.6 13.9
Level of Service C B C B B B
Approach Delay (s) 20.0 32.4 13.2 0.0
Approach LOS C C B A


Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Intersection: SR-67 Ramps and Bradley Avenue Existing + Alternative A with Mitigation
DIAGRAM AND TRAFFIC FLOWS:


Signal
Signal


333 0 106
(229) () (211)


114 (167) 241 (156)
213 (347) 440 (350) 166 (385) 409 (368)
241 (429) 198 (228)


281 1 231
(215) (3) (451)


LANE VOLUMES (ILV/HR)
PHASE 1 PHASE 2 PHASE 3


Intersection #5 Intersection #6 167 167 106
107 (174) 57 (84) Intersection #5 Intersection #6 (115) (115) (211)
107 (174) 57 (84) 220 (175) Intersection #6
121 (215) 83 (193) 220 (175) 241 (156)


120.5 (215) 83 (193) 99 (114) 409 (368)
99 (114) Intersection #5


141 141 115.5 115.5
(109) (109) (226) (226)


CRITICAL LANE VOLUMES (ILV/HR)
PHASE 1 AM (PM) PHASE 2 AM (PM) PHASE 3 AM (PM)


121 (215) 409 (368) 167 (226)


TOTAL OPERATING LEVEL (ILV/HR) STATUS AM (PM)
AM Total 696 AM Stable X X < 1,200 ILV/HR.


(PM) Total (808) (PM) Stable - - > 1,200 but < 1,500 ILV/HR.
- - > 1,500 ILV/HR (CAPACITY)


CAPACITY ANALYSIS
Signalized Intersection


65


N
Bradley Ave


Bradley Ave
SR-67 SB Ramp


SR-67 NB Ramp


6
5
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County of San Diego Transportation Impact Fee Report 
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9 


FACILITIES AND COSTS  


The SANDAG Regional Transportation Model was utilized to analyze base year (Year 2000) and 
projected build-out development conditions on the roadway network throughout the 
unincorporated area of the County. The TIF modeling assumptions for the road network and 
projected land uses are summarized in the Prior Reports.  


A list of County TIF program facilities (deficient Base Year road segments) is contained in 
Appendix A. The facilities identified in this report are intended to address future deficiencies in 
road capacity caused by the cumulative traffic impacts of future development. Further studies, 
including required environmental reviews, may result in the identification of other alternatives for 
dealing with cumulative traffic impacts. The County TIF program may be periodically reviewed 
and/or amended to permit funding the construction of these alternatives.  The Appendix 
identifies the roadway segments and provides additional detail as to TIF roadway segment limits.  


FREEWAY INTERCHANGES/RAMPS & AT-GRADE HIGHWAY INTERSECTIONS 


As part of this update, the County identified specific Freeway ramp interchanges and at-grade 
highway intersections to be funded in part by the TIF program. These facilities were not included 
in the Prior Reports. Based on currently available traffic data, a number of freeway ramp 
interchanges and at-grade highway intersections were identified as necessary to 
accommodate growth.  Table 3 identifies the facility location, the percent of total 2030 traffic 
related to growth, and the resulting amount to be funded via the TIF program. Addition of these 
improvements will enable projects to meet its obligations regarding cumulative impacts via the 
TIF program.   It should be noted that the overall cost is estimated on a per Region basis, 
recognizing that some of the costs will likely exceed the estimate while others may be lower than 
shown in the table. 


Only 10% of future growth’s costs for freeway interchanges/ramps are recommended to be 
included in the program. This percentage is representative of the typical local match required 
when competing for funds for these State highway improvements.  Addition of these 
improvements will enable projects to meet their obligations regarding cumulative impacts via 
the TIF program. It should be noted that the overall cost is estimated on a per Region basis, 
recognizing that some of the costs will likely exceed the estimate while others may be lower than 
shown in the table. 


TABLE 3 
INTERCHANGES AND COSTS 


Location County Growth (%) Proportional 
Cost Region 


I-8 EB/Lake Jennings Park Rd 45% $516,000 South 


I-8 WB/Lake Jenning Park Rd 49% 561,000 South 


I-8 EB/Dunbar Ln 54% 618,000 South 


I-8 WB/Dunbar Ln 57% 654,000 South 


I-8 EB/Tavern Rd 40% 459,000 South 


I-8 WB/Tavern Rd 58% 667,000 South 


I-8 EB/W. Willows Rd 60% 686,000 South 
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Location County Growth (%) Proportional 
Cost Region 


I-8 WB/W. Willows Rd 65% 751,000 South 


I-8 EB/Greenfield Dr. (El Cajon) 1% 7,000 South 


I-8 WB/Greenfield Dr. (El Cajon) 3% 29,000 South 


I-15 NB/E. Mission Rd 36% 418,000 North 


I-15 SB/E. Mission Rd 36% 411,000 North 


I-15 NB/Gopher Canyon Rd 39% 451,000 North 


I-15 SB/Gopher Canyon Rd 6% 65,000 North 


I-15 NB/Deer Springs Rd 54% 627,000 North 


I-15 SB/Deer Springs Rd 41% 470,000 North 


SR-67 NB/Bradley Ave 11% 130,000 South 


SR-67 SB/Bradley Ave 14% 164,000 South 


SR-67 NB/Winter Gardens Blvd 12% 135,000 South 


SR—67 SB Winter Gardens Blvd 25% 291,000 South 


SR-67 NB/Riverford Rd 31% 352,000 South 


SR-67 SB/Riverford Rd 43% 499,000 South 


SR-67 NB/Mapleview St 33% 378,000 South 


SR-67 SB/Mapleview St 34% 396,000 South 


SR-67/Archie Moore Rd (Ramona) (2) 31% 40,000 East 


SR-67/Montecito Rd (Ramona) (2) 39% 51,000 East 


SR-67/SR-78 (Ramona) (2) 38% 49,000 East 


SR-94 EB/Sweetwater Springs Blvd 26% 299,000 South 


SR-94 WB/Sweetwater Springs Blvd 29% 335,000 South 


TOTAL COST OF GROWTH  $10,509,000  


(1) Cost based on $11,500,000 per interchange intersection except as outlined in note (2) below. 


(2) Costs for SR-67 at Archie Moore, Montecito, SR 78 in Ramona based on $130,000 perat-grade highway intersection. 


(3) South Region totals $7,927,000, North Region total $2,442,000 and the East Region totals $140,000. 


REGIONAL AND LOCAL COSTS  


Table 4 outlines the planning level costs associated with the TIF program based on the cost 
assumptions outlined in the Prior Reports and then increased by ENR-CCI. These planning-level 
costs were based in part on estimates made in SANDAG’s Regional Transportation Plan and 
include all planning, design, right-of-way, environmental, construction and program 
administration (2%) costs. Based on available information, these planning level costs are 
sufficient to include intersections along the facilities and at the endpoints of the TIF facilities, 
including signalization.  
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Appendix C 
TIF Improvement Facilities
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CPA Name From Cross Street To Cross Street
Existing 


Classification
Required 


Classification


Additional 
Lane Miles 
Required


Fallbrook STAGE COACH MORRO MISSION Town Collector Collector 0.48
Jamul-Dulzura JAMUL TUK A WILE YUCCA Light Collector Town Collector 1.04
Jamul-Dulzura JAMUL YUCCA LYONS VALLEY Light Collector Town Collector 0.08
Jamul-Dulzura JEFFERSON OLIVE VISTA SR-94 Light Collector Town Collector 0.18
Jamul-Dulzura LYONS VALLEY JEFFERSON RESERVOIR Light Collector Collector 0.39
Jamul-Dulzura LYONS VALLEY RESERVOIR JAMUL Light Collector Collector 0.36
Jamul-Dulzura LYONS VALLEY JAMUL RIO GRANDE Light Collector Collector 0.85
Jamul-Dulzura LYONS VALLEY RIO GRANDE PLEASANT VIEW Light Collector Collector 0.70
Jamul-Dulzura PROCTOR VALLEY MELODY CALLE BUENO GANA Light Collector Town Collector 0.11
Jamul-Dulzura PROCTOR VALLEY CALLE BUENO GANA SCHLEE CANYON Light Collector Town Collector 0.41
Jamul-Dulzura PROCTOR VALLEY SCHLEE CANYON MAXFIELD Light Collector Collector 0.52
Jamul-Dulzura PROCTOR VALLEY MAXFIELD JEFFERSON Light Collector Collector 0.38
Lakeside ASHWOOD WILLOW MAPLEVIEW Light Collector Collector 2.23
Lakeside EL NOPAL FUTURE N/S MASS MARJEAN Light Collector Town Collector 0.33
Lakeside EL NOPAL MARJEAN RIVERFORD Light Collector Collector 0.22
Lakeside I-8 BUSINESS / MAIN JACKSON HILL LAVALA Light Collector Collector 1.01


Lakeside I-8 BUSINESS / MAIN


.31 MILES SOUTH OF 
KAY JAY / MOBILE 
HOME PARK 
ENTRANCE LOS COCHES/CM CA Light Collector Collector 0.81


Lakeside JULIAN CACTUS LOS COCHES/MAINE Light Collector Town Collector 0.18
Lakeside JULIAN PINO LAKEVIEW Light Collector Town Collector 0.16
Lakeside LAKE JENNINGS PA EL MONTE BASS Light Collector Collector 1.00
Lakeside LAKE JENNINGS PA BASS PINKARD Light Collector Collector 1.74
Lakeside LAKE JENNINGS PA PINKARD HARRITT Light Collector Collector 0.20
Lakeside LAKE JENNINGS PA RAMP I-8 WB RAMP I-8 WB Light Collector Collector 0.06
Lakeside LAKESIDE RIVERSIDE CHANNEL Town Collector Collector 0.42
Lakeside LOS COCHES JULIAN DEL SOL Town Collector Collector 0.94
Lakeside LOS COCHES DEL SOL LOS COCHES CT Town Collector Collector 1.01
Lakeside LOS COCHES LOS COCHES CT BOWER Town Collector Collector 0.76
Lakeside MAPLEVIEW CHANNEL SR-67 Light Collector Collector 0.42
Lakeside MAPLEVIEW MAINE VINE Town Collector Prime Arterial 0.11
Lakeside OLDE 80 RIDGE HILL PECAN PARK Light Collector 0.07
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CPA Name From Cross Street To Cross Street
Existing 


Classification
Required 


Classification


Additional 
Lane Miles 
Required


Lakeside OLDE 80
PECAN PARK / SIERRA 
ALTA PECAN PARK Light Collector Collector 0.61


Lakeside OLDE 80 PECAN PARK BOND Light Collector Collector 0.30
Lakeside PEPPER 02ND/WINTER GARD PEERLESS Light Collector Town Collector 0.25
Lakeside RIVERFORD EL NOPAL RIVERSIDE/MAST Light Collector Collector 0.16
Lakeside RIVERFORD RIVERSIDE/MAST WOODSIDE(N) Town Collector Major 0.63
Lakeside RIVERFORD WOODSIDE(N) RAMP SR-67 SB Light Collector Collector 0.08
Lakeside RIVERFORD RAMP SR-67 SB WOODSIDE SOUTH Light Collector Collector 0.18
Lakeside RIVERSIDE RIVERFORD PALM ROW Town Collector Collector 0.56
Lakeside RIVERSIDE PALM ROW VISTA CAMINO Town Collector Collector 0.42
Lakeside RIVERSIDE VISTA CAMINO NEW BEDFORD Town Collector Collector 0.21
Lakeside SIERRA ALTA RAMP I-8 EB OLDE 80 Light Collector Collector 0.07
Lakeside SIERRA ALTA LAKE JENNINGS PA RAMP I-8 EB Light Collector Collector 0.06
Lakeside VALLE VISTA VISTA CAMINO PAGOSA Light Collector Town Collector 0.38
Lakeside VALLE VISTA PAGOSA RIVERSIDE Light Collector Town Collector 0.41
Lakeside WILLOW SR-67 MORENO Light Collector Town Collector 0.25
Lakeside WILLOW MORENO FILLBROOK Light Collector Town Collector 0.29
Lakeside WILLOW FILLBROOK WILDCAT CANYON Light Collector Town Collector 0.36
Lakeside WOODSIDE NB OFF RAMP RIVERFORD Light Collector Collector 0.13
Lakeside WOODSIDE MARILLA RIVERVIEW Light Collector Collector 0.42
Lakeside WOODSIDE RIVERVIEW WINTER GARDENS Light Collector Town Collector 0.35
North County Metro 17TH LENDEE SAN PASQUAL VALL Light Collector Collector 0.44


North County Metro
BUENA CREEK / SOUTH 
SANTA FE SOUTH SANTA FE SYCAMORE Light Collector Collector 0.04


North County Metro BUENA CREEK SYCAMORE HARTWRIGHT Light Collector Collector 0.06
North County Metro BUENA CREEK HARTWRIGHT HIDDEN OAK Light Collector Collector 1.40
North County Metro BUENA CREEK HIDDEN OAK LONE OAK Light Collector Collector 0.33
North County Metro BUENA CREEK LONE OAK MONTE VISTA Light Collector Collector 0.50
North County Metro BUENA CREEK MONTE VISTA SUGARBUSH Light Collector Collector 1.21
North County Metro BUENA CREEK SUGARBUSH HOLLYBERRY Light Collector Collector 0.17
North County Metro BUENA CREEK HOLLYBERRY FREDAS HILL Light Collector Town Collector 0.28
North County Metro BUENA CREEK FREDAS HILL BLUE BIRD CANYON Light Collector Town Collector 0.50
North County Metro BUENA CREEK BLUE BIRD CANYON TAMARA Light Collector Town Collector 0.43
North County Metro CAMINO DEL ARROYO CAMINO LINDA DRIVE RANCHO SANTA FE Light Collector Town Collector 0.06
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CPA Name From To Lanes Additional Lane Miles Required


Bonsall MISSION CPA BOUNDARY
.045 MILES WEST OF 
MISSION / PALA 2 13.66


Bonsall MISSION .045 WEST OF MISSION/PALA
.045 EAST OF 
MISSION / PALA 4 0.36


Bonsall PALA .045 EAST OF MISSION / PALA CPA BOUNDARY 2 2.55


Central Mountain SR-78
RAMONA CPA - WEST OF 
CENTRAL MOUNTAIN


RAMONA CPA - EAST 
OF CENTRAL 
MOUNTAIN 2 0.42


Fallbrook PALA CPA BOUNDARY
COUSER CANYON 
ROAD 2 12.44


Jamul-Dulzura CAMPO


.175 Miles after CPA 
BOUNDARY / COUGAR 
CANYON ROAD


.29 Miles after CPA 
BOUNDARY / 
COUGAR CANYON 
ROAD 2 0.58


Jamul-Dulzura CAMPO


2.195 Miles after CPA 
BOUNDARY / COUGAR 
CANYON ROAD STONEY OAK ROAD 2 10.73


Lakeside SR-67
.2 miles South of SCRIPPS 
POWAY PARKWAY


.8 Miles South of 
FOSTER TRUCK 
TRAIL - Lanes change 
from 3 to 4 2 2.23


Lakeside SR-67 SCRIPPS POWAY PARKWAY


.2 Miles South of 
SCRIPPS POWAY 
PARKWAY 2 0.23


Lakeside SR-67 CPA BOUNDARY
SCRIPPS POWAY 
PARKWAY 2 1.26


Lakeside SR-67 VINE STREET ENTRANCE MAPLEVIEW 3 0.92
Lakeside SR-67 MAPLE VIEW START OF SR. 67 4 0.07
Mountain Empire TECATE SR-94 HUMPHRIES ROAD 2 2.93
North County Metro SAN PASQUAL VALLEY 2 0.16


North County Metro SAN PASQUAL VALLEY BEAR VALLEY
.12 AFTER OLD SAN 
PASQUAL ROAD 2 2.24


North County Metro SR-78
SYCAMORE ( SEGMENT ON 
MAP)


SMILAX / CPA 
BOUNDARY 2 1.52


North Mountain JULIAN / SR - 67 CPA BOUNDARY SR-79 2 7.92
Pala-Pauma SR-76 RED GATE ROAD ( West Side) CALLE EL POTRERO 2 2.50
Ramona JULIAN / SR - 67 CPA BOUNDARY MUSSEY GRADE 2 8.90


Ramona JULIAN / SR - 67 OLD JULIAN


RAMONA CPA - 
WEST OF CENTRAL 
MOUNTAIN 2 3.43


Ramona JULIAN / SR - 67 / MAIN 10 TH 8TH 4 0.72
Ramona SR-78 CPA BOUNDARY HAVER FORD 2 3.85


1/9/2008
Gillespie Field Traffic Impact Study Appendix Page 296 of 296









